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(57) Abstract 



Tbe invention is directed toward a compound comprising a recombinant nucleic acid encodmg an immunoadhesin inserted within an 
adenoviral nucleic acid, wherein the recombinant nucleic acid can be packaged in an adenovirus particle and wherein expression of the 
recombinant nucleic acid encoding die immunoadhesin results in production of the immunoadhesin protein. Hie recombinant nucleic acid 
encoding the immunoadhesin can be within an adenovims. The invention further provides methods for 1) delivering an immunoadhesin to 
a cell or a subject comprising administering to the cell or the subject an adenovirus comprising a recombinant nucleic acid encoding an 
immunoadhesin; 2) producing an immunoadhesin comprising administering to a cell an adenovirus comprising a recombinant nucleic acid 
encoding an immunoadhesin inserted within an adenoviral nucleic acid, whereby the cell expresses the recombinant nucleic acid encoding 
the inununoadhesin, thereby producing the inmiunoadhesin; 3) treating an inflammatory condition in a subject comprising administering to 
the subject an adenovims comprising a recombinant nucleic acid encoding an immunoadhesin inserted widiin an adenoviral nucleic acid or 
a recombinant nucleic acid encoding an immunoadhesin inserted within an adenoviral nucleic acid, whereby a cell in the subject expresses 
the recombinant nucleic acid encoding the immunoadhesin and produces the immimoadhesin. thereby treating the inflammatory condition 
or administering to the subject a recombinant nucleic acid encoding an inmmnoadhesin. or an inununoadhesin, wherein the immunoadhesin 
is selected from die group consisting of vII^lO-IgG, II^13-IgG. LFA-IgO. IL-2ra-IgG. IL-liar-IgG, mutant IL-4-IgG, VLA4-IgG, 
IL-2-IgG. TGF-^l-IgG. TGF-^l223^^igG, and VCAM-IgG; and mediods of screening an immunoadhesin for bioactivity. 
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IMMUNOADHESINS AND METHODS OF 
PRODUCTION AND USE THEREOF 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 



This invention relates generally to immunoadhesins and methods utilizing 
immunoadhesins. Specifically, this invention relates to methods of producing 
10 inmiunoadhesins, methods of delivering immunoadhesins, methods of treatment 
using immunoadhesins, and methods of screening immunoadhesins for bioactivity 
using a replication-deficient adenovirus system. 



BACKGROUND ART 

15 

Immunoadhesins are antibody-like chimeric fosion protdns comprised of an 
immimoglobuUn gamma heavy chain constant region plus another non-inununoglobulin 
molecule, such as a cell surface receptor, a cell-adhesion molecule, or a ligand, and are 
useful for research such as receptor structure-function analysis {Cheon et al, 1994; 

20 Heidaran et al, 1995), immunohistochemistiy {LaRochelle et al, 1995), ligand 

identification {Watson et al, 1990), and receptor isolation {Beck et al, 1994) as well 
as clinical therapeutics {Ashkemzi et oL, 1991; Bym et al., 1990; Chamow et al., 
1992; FincketaL, \99A\Jinetal, \99A\ Lenschaw etal, l992;LinetaL, 1993; 
LinsIeyandLedbetter, 1993; Wallace etal, 1994; Zheng etal, 1995). Since 

25 immunoadhesins can be constructed from a human protein sequence with a desired 
specificity linked to an appropriate inmiunoglobulin hinge and constant domain 
sequence, the binding specificity of interest can be achieved entirely by using human- 
derived componmts. Therefore these immunoadhe^ns are minimally immunogenic to 
a human subject and safe for therapeutic applications. For ^cample, the 

30 immunoadhesin DD4-IgG has been used in human clinical trials. {Hodges et al "Phase 
1 Study of Recombinant Human CD4-ImmunoglobuIin G Therapy of Patients with 
AIDS and AIDS-related Complex. Antimicrob. Agents Chemother. 35:2580-6; 
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(1991)). Additionally, since these immunoadhesins can be constructed using various 
binding or "active" regions, they can be designed for treating specific conditions. 

For example, noninfectious ocular inflammation of presumed autoimmune 
etiology is estimated to cause approximately 10% of severe visual handicap (70,000 
cases per year) in the U.S. These diseases cause an inflammation of the uveal tract 
affecting both the anterior and posterior segments of the eye, are chronic degenerative, 
and potentially blinding, and are collectively known as uveitis. Affected individuals 
range typically in age fi-om the first to seventh decades, although the second through 
fourth decades are particulariy susceptible. The precise pathogenic mechanisms 
causing this condition remain elusive. Treatment for these conditions is by necessity 
nonspedfic and entails the use of immunosuppressive agents which provide relief but, 
unfortunately, can be assodated with myriad systemic side adverse effects which can 
be life threatening. Thus, there cleariy is a need for th^apeutic altatiatives to current 
treatments that are more specific and avoid such adverse effects. The administration of 
immunoadhesins described herdn rq)resents such a therapeutic alternative. 

To date, production of immunoadhesin molecules has entailed the use of 
transfection of plasmid DNA in a transient &shion or by establishment of stable 
tTBnsfectmtsiAruffoetal., \99Q\ LaRochelleetal, \995\ Unsleyetal., 1991). The 
yields of immunoadhesin obtamed have ranged fi-om 0.S-4.S mg/1 following afiSnity 
chromatography on immobilized protdn A in transient transfection systems {Aruffo et 
aA, 1990; Linsley et al, 1991). Higher concentrations (30-50 mg/1) have been 
described following the establishment of stable transfectants in large scale production 
(Haak-Frendscho et al, 1993). While these methods are usefiil for producing 
immunoadhesins, they are limited by the inefBciencqr of transfection and the rather 
labor intensive nature of establishing stable transfectants {Linsley et al., 1991). This 
rdative lack of efficiency takes on particular ^gnificance when screening multiple 
constructs for activity. It is necessary to produce milligram quantities of recombinant 
immunoadhesins for preclinical efficacy screening. Ideally, a system for production of 
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an immunoadhesin would combine efficient, high level gene expression, appropriate 
assembly/post translation modification, and ease of purification. 

The methods described herein disclose such a system by providing replication- 
5 defective adenovirus vectors comprising nucleic acids encoding immunoadhesins to 
provide an efficient means of gene transfer into a variety of cell types. Additionally, 
adenovirus-mediated gene transfer results in high level protein expression. This 
combination of facile gene transfer and high specific activity provides a rapid means of 
producing milligram quantities of recombinant molecules. 

10 

This inventive system shows marked improvement over other techniques in 
many respects. Previous techniques involve transient transfection for protein 
production and result in low transfection efficiencies as well as low amounts of fu^on 
protein production. Cumbersome sheening protocols make isolation of protein 
15 producing clones time consuming and difficult. In addition, the activity of the chuneric 
protein can be greatly aflFected by the production method. The chunera may have 
different activities based upon whether it is made in bacteria, baculovirus^ or 
mammalian cells. 



20 The present replication-defective adenovirus system involves a method of 

producing immunoadheans which is v^ dose to a human system and therrfore 
minimizes undesirable characteristics of a recombinant protdn molecule such as 
incorrect glycosylation and other post-translational protein modifications. Moreover, 
this system resuks in transductions at surprisingly much higher efficiency resulting in 

25 greater levels of protein production and simplified screening procedures. Thus, the 
present methods also provide a much-needed, improved, and specific 
immunotherapeutic method for use in treating uvdtis and, in particular, in treating 
individuals with autoimmune diseases that avoids the adverse ^de effects of previous 
treatments. 



30 
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SUMMARY OF THE INVENTION 

In accordance with the purpose(s) of this invention, as embodied and broadly 
described herein, this invention, in one aspect, provides a compound comprising a 
S recombinant nucleic acid encoding an imnumoadhe^ inserted within an adraoviral 
nucldc acid, wherdn the recombinant nucldc acid can be packaged in an adenovirus 
particle and wh^ein expression of the recombinant nucleic acid encoding the 
immunoadhesin results in production of the immunoadhesin protein. The recombinant 
nucleic acid encoding the immunoadhesm can be within an adenovirus genome. 

10 

The invention further provides a method of delivmng an inununoadhesin to a 
cell or a subject comprising administering to the cell or the subject an adenovirus 
comprising a recombinant nucleic add encoding an immunoadhesin inserted within an 
adenoviral nucleic add, whereby expression of the recombinant nucleic acid produces 
IS the immunoadhesin, thereby delivering the immunoadhesin to the cell or the subject. 

The invention also provides a method of producing an immunoadhesin 
comprising administering to a cell an adenovirus conq)rising a recombinant nucldc acid 
encoding an immunoadhesin inserted within an adenoviral nucleic acid, whereby the 
20 cell expresses the recombinant nucleic add encoding the immunoadhesin, th^eby 
produdng the immxmoadhesin. 

The invention also provides a method of treating an inflammatory condition iii 
a subject comprising adnunistering to the subject an adenovirus comprising a 
25 recombinant nucleic add encoding an immunoadhesin inserted v^thin an adenoviral 
nucleic add or a recombinant nucldc acid encoding an immunoadhesin inserted within 
an adenoviral nucleic add, whereby a cell in the subject expresses the recombinant 
nucleic add encoding the immunoadhesin and produces the immunoadhesin, thereby 
treating the inflammatoiy condition. 



30 
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The invention also provides a method of treating an inflammatory condition in 
a subject comprising administering to the subject a recombinant nucleic add encoding 
an immunoadhesin, or an immunoadhesin, wherein the immunoadhesin is selected from 
the group consisting of vIL-lO-IgG, IL-13-IgG, LFA-IgG, IL-2ra-IgG, IL-lra-IgG, 
5 mutant IL-4-IgG, VLA4.IgG, IL-2.IgG, TGF-pl-IgG. TGF-pl^^^'^^^-IgG, and 
VCAM-IgG. 

The invention also provides a method of screening an immunoadhesin for 
bioactivity, comprising administering to a first cell an adenovirus containing a 
10 recombinant nucleic acid encoding the immunoadhesin, wherein the first cell expresses 
the recombinant nucleic acid encoding the immunoadhesin and thereby produces the 
inmiunoadhesin, contacting a second cell with the unmunoadhesin, and momtoring the 
second cell for a biological response to the inmiunoadhesin, thereby screening the 
immunoadhe^ for bioactivity. 

15 

The invention also provides a method of screening an immunoadhesin for 
bioactivity comprising administering to a cell an adenovirus containing a recombinant 
nucleic acid encoding the immunoadhesin, wherein the cell expresses the recombinant 
nucleic acid encoding the immunoadhesin and thereby produces the immunoadhesin, 
20 and monitoring the cell for a biological response to the immunoadhesin, thereby 
screening the immunoadhesin for bioactivity. 

BRIEF DESCRIFnON OF THE DRAWINGS 

25 Figure 1 shows the generation of adenoviral vector Ad5.hCMV.mIL-10:HFc. 

The mIL-lO-encoded cDNA lacking its stop codon was recombined with the Hfc 
portion of the mouse inmiunoglobulin IgGl heavy chain cDNA at the hinge region to 
form the plasmid pAd.CMV.mIL-10.HFc: The cDNA sequence and encoded amino 
acid residues adjacent to the cloning sites are shown (A, B). Cotransfection of 293 

30 cells with pJM17 and pAd.CMV.mIL-10.HFc results in the generation of the 
adenoviral vector Ad5.hCMV.mIL-10:HFc by homologous recombination. 
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Figure 2 shows the response of murine IL-10 receptor transfected cell line. 
BaMR29al to mlL-10 or mIL-10:HFc as measured by [^H]thymidine incorporation. 
BaMR29al cells (5X10^ cells/ml) were cultured in either 0. InM mIL-10 or 0. InM 
5 niIL-10:HFc for 48 hours and then pulsed with [^H]thymidine for 16-18 hours. 
Responses in the presence of lOpg of anti-mlL-IO per ml (2A5) or isotype control 
(CD44) mAb are shown. Error bars indicate the standard error of the mean of 
triplicate samples. In some examples, error bars are too small to be visualized. 

10 Figure 3 shows the time course of expression in cell lines transduced with 

adenovirus vector Ad.CMV.mIL-10:HFc as measured by ELISA. 293 xxHis (A), C9 
ceUs (B), or ARPE-19 cells (C) were plated in 6-well dishes at 1 X 10^ cells/weU 12-16 
hours prior to transduction with Ad.CMV.mIL-10:HFc. Cdls were fed every otho- 
day until one day prior to harvesting when complete medhim was replaced with serum- 

15 free medhim and conditioned for 24 hours. Time points indicated represent the mean 
of three experiments performed in triplicate. Error bars represent the standard error of 
the mean. In some examples, error bars are too small to be visualized. The nucldc 
acid sequences GATATCATGCCTGGC, ATGAAAAGCTCTAGA, 
TCTAGAAGCAGCACC, and GGTAAATGATCCC AGATCGAT, and the amino 

20 add sequences Ala-Ile-Met-Pro-Cys, Met-Lys-Ser-Ser-Arg, and Ser-Arg-Ser-Ser-Thr 
are set forth m the Sequmce Listing as SEQ ID NO: 1, SEQ ID N0:2, SEQ ID N0:3, 
SEQ ID NO:4, SEQ ID N0:5, SEQ ID NO:6, and SEQ ID N0:7, respect&Uy. 

DETAILED DESCRIPTION OF THE INVENTION 

25 

The present invention may be und^stood more readily by reference to the 
following detailed description of the preferred embodimoits of the invention and the 
Examples induded therein and to the Figures and thdr previous and following 
description. 

30 



wo 98/40498 



PCT/US98/04634 



10 



-7- 

It is to be understood that this invention is not limited to specific cells, specific 
detection methods, or specific chromosome abnormalities, as such may, of course, 
vary, and numerous modifications and variations therein will be apparent to those 
slcilled in the art. It is also to be understood that the terminology used herein is for the 
purpose of describing particular embodunents only and is not intended to be luniting. 

As used in the spedfication and in the claims, "a" can mean one or more, 
depending upon the context in which it is used. Thus, for example, reference to "a 
cell" means that at least one cell is utilized. 



In one aspect, the invention provides a compound compriang a recombinant 
nucleic acid ^coding an immunoadhesin inserted within an adenoviral nucleic add, 
wherdn the recombinant nucleic acid can be packaged in an adenovirus particle and 
wherem expression of the recombinant nucleic acid encoding the immunoadhesm 
1 S results in production of the inununoadhesin. 



Therefore, in one of its most general applications, the invention relates to a 
recombinant adenovirus incorporating a DNA segment having a sequence encoding an 
inununoadhe^n. The immunoadhe^ may be constructed, for example, by coupling an 

20 extracdlular portion of a non-immunoglobulin molecule to an IgG heavy chain 

polypeptide. Typically, two mununoadhesin molecules form a homodimer. For the 
purposes of the mvention, the term clumeric polypeptide is defined as including any 
polypeptide encoded by a nucldc acid where at least a portion of a nucldc add 
encoding a non-immimoglobulin molecule such as a cytokine or a cytokine receptor is 

2S coupled to at least a portion of a nucldc acid encoding an inmiunoglobulin heavy chdxn 
polypeptide, IgG for example. The coupling may be achieved in a mann^ which 
provides for a functional transcribing and translating of the nucldc acid segment and 
message derived therefi*om, respectively. The nucleic acid encoding the 
immunoadhesin is then coupled with a portion of an adenoviral nucleic acid suffident 

30 to aUow the adenoviral-immunoadhesin nucldc acid to be packaged in an adenoviral 
particle. The immunoadhesins of the invention may be any of a number of such 
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immunoadhesins known in the art. An exemplary list of certain of qrtokines, cytokine 
receptors^ cellular ligands and ligand receptors is provided below for which references 
are specifically incorporated by reference herein for all of their teachings. 

5 Cytokines, Cytokine Receptors, and othCT examples of Cellular Lipands and Lipand 
Receptors: 

Examples include, but are not limited to IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL- 
7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-H, IL-IS, subunits of the interleukins such as 

10 BL-la, and IL-IP; interleukin receptor antagonists such as IL-lra and the partial 
agonist mutant IL-4; interferons such as IFN-a, BFN-P, IFN-y, and IFN-co; tumor 
necrosis factors such as TNF-a and TNF-P; colony stimulating factors such as the 
macrophage colony-stimulating &ctor, the granulocyte-colony stimulating factor 
(G-CSF) receptor Firihiiia^a etal, Proc. Nat. Acad. Sci. USA 87:8702-8706 (1990). 

15 and the granulocyte macrophage-colony stimulating fector (GM-CSF) receptor (beta 
chain) Hayashida et aL, Proc. Nat. Acad. Sci. USA 87:9655-9659 (1990); 
transforming growth factors such as TGF-Pl, very late antigen (VLA or CD29); 
intercellular adhesion molecule (ICAM-1 or CD54) Stauton et al. Cell 52:925-953 
(1988), VCAM-1 or CD106; Human interferon gamma receptor i4gwe/ et al. Cell 

20 55:273-280 (1988); Human interferon alpha receptor Uze et al, CeU 60:225-234 
(1990); Human Mac-1 (human complement receptor type 3) Corbi et aL, J. Biol 
Chem. 263:12403-1241 1 (1988); Human insulin receptor Ebina et aL, Cell 
40:747-758 (1985); Human transferrin receptor McClelland et aL, Cell 39:267-274 
(1984); Human nerve growth factor receptor Johnson etal. Cell 47:545-554 (1986); 

25 Human leukocyte adhesion protein (beta subunit) Kishimoto et al , Cell 48:68 1 -690 
(1987); Human leukocyte adhesion receptor (alpha subunit) Amaout et aL, J. Biol. 
Chem. 106:2153-2158 (1988); Human mterleukin-6 receptor Vamasald etaL, Science 
241 :825-828 (1988); Human platelet-derived growth factor (PDGF) receptor 
Claesson-Webh etaL, Molec. Cell. Bio. 8:3476-3486 (1988); Human insulin-like 

30 growth factor receptor Ullrich et al, EMBO J. 5:2503-2512 (1986); Human 

interleukin-2 receptor (beta chain); Hatakeyama et al. Science 244:551-556 (1989), 
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Human interloikin-1 recq)tor Simsetal., Proc. Nat. Acad. Sd. USA 86:8946-8950 
(1989); Human epidermal growth factor receptor Krcois et al., Proc. Nat. Acad. Sci. 
USA 86:9193-9197 (1989, Human leukocyte adhesion protein, (alpha subunit) Corbi 
et al, EMBO J. 6:4023-4028 (1987); Human interieukin-7 receptor Goodwin et al., 
5 Cell 60:941-951 (1990); Human vascular cell adhesion molecule- 1 Osbometal.,C^ 
59:1203-1211 (1989); Human endothelial leukocyte adhesion molecule-1 (dam-l) 
Hessian et al., Proc. Nat.. Acad. Sd. USA 87:1673-1677 (1990); Human prolactin 
receptor Boutin etal., Mol. Endocrinol. 3:1455-1461 (1989); Human thyrotropin 
receptor NagqyamaetaL, Biochem. Biophys. Res. Comm. 165:1184-1190 (1989); 

10 Human leukocyte adhesion molecule-1 (lam-1) Ord et al., J. Biol. Chem. 

265:7760-7767 (1990); Human basic fibroblast growth factor receptor (shorter form) 
Itoh et al., Biochem. Biophys. Res. Comm. 169:680-685 (1990); Human int^eukin-2 
receptor (TACT antigen or 55k subunit) Leonard et al.. Nature 3 1 1 :626-63 1 (1984); 
Human stem cell &ctor receptor (c-kit) Yarden etaL, EMBO J. 6:3341-3351 (1987); 

15 Human growth hormone receptor Leaag et al.. Nature 330:537-543 (1987); Human 
intercellular adhesion molecule-2 (ICAM-2 or CD102) Staunton et al.. Nature 
399:61-64 (1989); Human leukocyte function associated molecule-1 (LFA-1) (alpha 
subunit) Larson et al, J. Cell Biol. 108:702-712 (1989); Human mterleukin-4 receptor 
Idzerda et al, J. Exp. Med. 171:861-873 (1990); Human eiythropoietin receptor 

20 Winkelmann et al.. Blood 76:24-30 (1990); and Human Fas Antigen Itoh et al.. Cell 
66:233-243 (1991). Spedfic subumts of these and other molecules are also 
contemplated, such as mutant IL-4 (Aversa et al. "An Interieukin 4 (IL-4) Mutant 
Protdn Inhibits both TLA or IL-13-induced I^mian ImmunoglobuUn G4 (IgG4) and ' 
IgE Syntheas and B Cell Proliferation: Support for a Common Component Shared by 

25 IL-4 and IL-13 Receptors" J. Exp. Med. 178:2213-8 (1993), TGF-Pl (Roberts et al 
"Transfomung Growth Factor Beta: Biochemistry and Roles m Embryogenesis, Tissue 
Repair and Remodeling, and Cardnogenesis" Recent. Prog. Horm. Res. 44:157-97 

(1988) , and TGF-pi^'225 (Brunner et al. "Site-directed Mutagenesis of Cysteine 
Residues in the Pro R^on of the Transfomung Growth Factor Beta 1 Precursor. 

30 Expression and Characterization of Mutant Protdns" J. Biol. Chran. 264: 13660-4 

(1989) . Furthermore, modifications of these molecules are contemplated such as 
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amino acid substitutions, insertions, and deletions, for any desired purpose, such as to 
alter or increase the binding specificity of an immunoadhesin. Additionally, these 
molecules can be of non-human origin, such as other primates, murine, bovine, 
porcine, equine, canine, etc. In one specific embodiment, the IL-10 portion of an 
immunoadhesin is viral in origin (vIL-lO-IgG). These examples are not limiting and are 
only presented for exemplary purposes. This invention provides compounds 
comprising a nucleic acid encodmg an immunoadhe^ inserted within an adenoviral 
nucleic acid and is therefore not limited to the specific immunoadhesin. 

The nucleic acid encoding the immunoadhesin can be positioned within any 
location of the genome of the adenovirus wherein the adenovirus genome with this 
immunoadhesin insert may still be packaged into an adenovirus particle. For example, 
GhosthChoudhury et al have indicated that the maximum amount of nucldc add that 
adenovirus can package into viral capsids is approxunately 2000 bases in excess of the 
wild-type genome. (Ghosh-^houdhury et al, (1987) ENfBO J. 6:1733-1739). One 
can therefore position the immunoadhesin-encoding nucleic acid within or m 
replacement of a region of the El re^on of adenovirus, for example, to disrupt the El 
gene and therefore inactivate the cellular transforming capacity of this adenoviral gene, 
as well as enable the recombinant virus to express and therefore produce the desired 
immunoadhesin. The minimum amount of adenoviral nucleic acid in these constructs is 
that amount that \^11 allow the recombinant adenoviral-immunoadhesin nucleic add to 
be packaged. Additionally, the site of insertion of the nuddc add oicoding the 
immunoadhesin into the adenoviral genome, or portion thereof^ is selected as to allow 
the final recombinant nucleic acid to be packaged, as is known to one skilled in the art. 

The term "adenoviral genome" or "adenovirus genome" is used herein to 
describe an adenoviral nucleic add that is capable of bemg packaged into an 
adenovirus particle. Therefore this nucleic add may comprise an entire \wld-type 
adenoviral graome or a mutant thereof or a constract wherein the only adenoviral 
sequences present are those which enable the nucleic add to be packaged mto an 
adenovirus particle, or any variation thereof Packagable lengths of nucleic adds for 
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specific immunoadhesuns are known in the art. This adenoviral genome can be coupled 
with any desired nucleic acid insert, such as an immunoadhesin, such that the 
adenoviral genome, when packaged into an adenovirus particle, also packages the 
nucleic acid insert. One skilled in the art will appreciate that the nucleic acid insert 
combined with the adenoviral nucleic acid will be a total nucleic acid length that will 
allow the total nucleic acid to be packaged into an adenovirus particle. 

By "compound comprising a recombuiant nucleic acid" is meant that the 
nucleic can be that commonly referred to as a nucleic acid, but this compound, for 
example, can also be a derivative of a typical nucleic acid such as nucleic acids which 
are modified to contain a terminal or internal reporter molecule or those nucleic adds 
containing non-typical bases or sugars. These reporter molecules include, but are not 
limited to isotopic and non-isotopic reporter molecules. Examples of non-isotopic 
report^- molecules include, but are not limited to biotin, LC-biotin, fluorescein, 
acridine, cholesterol, and dinitrophrayl labels which can be attached to a 2-aminobutyl- 
1,3-propanedioI backbone. (Clontech, Palo Alto, CA). 

One skilled in the art will appreciate that there are numerous techniques 
available by which one can obtain a nucleic acid sequence encoding an inmiunoadhesin. 
One example of a method of obtaining the nucleic acid is by constructing the nucleic 
add by synthe^zing a recombinant DNA molecule. For example, oligonucleotide 
synthe^s procedures are routine in the art and oligonucleotides coding for a particular 
protdn or regulatory region are readily obtainable through automated DNA synthesis. 
A nucleic acid for one strand of a double-stranded molecule can be synthesized and 
hybridized to its complementary strand. One can design these oligonucleotides such 
that the resulting double-stranded molecule has either internal restriction sites or 
^propriate 5' or 3' ov^hangs at the termini for cloning into an appropriate vector. 
Double-stranded molecules coding for relatively large proteins or r^latory regions 
can be syntheazed by first constructing several different double-stranded molecules 
that code for particular re^ons of the protein or regulatory region, followed by ligating 
these DNA molecules together. For example, Cunningham, et al, "Receptor and 
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Antibody Epitopes in Human Growth Hormone Identified by Homolog-Scanning 
Mutagenesis" Science, Vol. 243, pp. 1330-1336 (1989), have constructed a synthetic 
gene encoding the human growth hormone gene by first constructing overlapping and 
complementary synthetic oligonucleotides and ligating th^ fi-agments together. See 
5 also, Ferretti, et aL, Proc. Nat. Acad. Sci. 82:599-603 (1986), wherdn synthesis of a 
1057 base pair synthetic bovine rhodopsin gene fi*om synthetic oligonucleotides is 
disclosed. Once the appropriate DNA molecule is synthesized, this DNA can be 
cloned downstream of an appropriate promoter. Techniques such as this are routine in 
the art and are well documented. 

10 

Another example of a method of obtaining an immunoadhesin is to utilize 
traditional recombinant techniques to generate the immunoadhesin fi^om the native 
sources of the individual components. One can isolate the corresponding wild-type 
nucleic acid for part of the immunoadhesin fi-om the organism in which it is found and 

1 5 clone it m an appropriate vector. For example, a DNA or cDNA library can be 

constructed and screened for the presence of the nucleic add of interest. Methods of 
constructing and screening such libraries are well known in the art and kits for 
performing the construction and screening steps are commercially available (for 
example, Stratagene Cloning Systems, La JoUa, CA). Once part of the immunoadhesin 

20 has been cloned, such as a cytokine, the remaining portion of the immunoadhesin, such 
as the immunoglobulin portion, can then be cloned adjacent to the cytokine domain in 
the same or in a similar manner. Once isolated, the nucleic add encoding the 
immunoadhesin can be subsequently cloned into an appropriate vector, or if necessary, 
be modified to fecilitate the subsequent clomng steps. Such modification steps are 

25 routine, an example of which is the addition of oligonucleotide linkers which contain 
restriction sites to the termini of the nucleic acid. Such modification steps may be 
utilized to facilitate insertion of the immimoadhesin into the adenoviral genome. 
General methods for these and other cloning procedures are set forth in Samhrook et 
al, "Molecular Cloning, a Laboratory Manual" Cold Spring Harbor Laboratory Press 

30 (1989). Once isolated, the immunoadhesin can also be modified for other purposes 
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such as increased expression by altering specific codons, for example, or for increased 
binding to a receptor or a ligand. 

Yet another example of a method of obtaining an inmiunoadhesin is to amplify 
5 the corresponding wild-type nucleic acid fi^om the nucleic acids found within a host 
organism containing the wild-type nucleic add and clone the amplified nucleic acid in 
an appropriate vector. One skiUed in the art will appreciate that the amplification step 
may be combined with a mutation step, if desired, using primers not completely 
homologous to the target nucleic add for example, to simultaneously amplify the 
10 nucleic acid and alter specific positions of the nucleic add. 

The nucleic acid encoding the immunoadhesin, however obtained, if not ah'eady 
in the context of an adeno^d^al genome, can be inserted into the selected adenoviral 
genome. Once the immunoadhesin is cloned into the adenoviral genome, or part of the 

IS adenoviral genome, this nucleic acid will generally be constructed such that the 
immunoadhesin is positioned adjacent to and under the control of an effective 
promoter. The promoter can be selected based upon the ultimate cell in which 
expression is desired. In certain cases, the promoter may comprise a prokaryotic 
promoter where the immunoadhesin is being adapted for expression in a prokaryotic 

20 host as well as in a eukaiyotic vector. For example, the immunoadhesm may be 
expressed in a prokaryotic host under the direction of one promoter, while the same 
immunoadhean may be expressed in a eukaryotic host under the direction of a 
eukaryotic promoter in the same constmct. In other cases, the promoter may comprise 
only a eukaryotic promoter where the vector is being specifically adapted for 

25 expression in a eukaryotic host. Promoters of particular utility in the vectors of the 
invention comprise cytomegalovirus promoters and adenoviral promoters. 
Furthermore, an inducible promoter, such as a heat shock promoter, a metallothionein 
promoter, a lac-inducible promoter, a tetracycUne-mdudble promoter, or a repressive 
promoter can be used. Regardless of the exact nature of the immunoadhean's 

30 promoters, the recombinant adenovirus of the present invention will incorporate a 
nucleic acid segment encoding an inmiunoadhesin as described herein. 
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The immunoadhesin inserted within the adenoviral genome can be positioned 
such that an adenovirus promoter is operatively linked to the immunoadhesin insert 
which adenoviral promoter can then direct transcription of the immunoadhesin nucleic 
acid, or the immunoadhesin insert may contain its own adenoviral promoter. Similarly, 
S the immunoadhesin insert may be positioned wherein the nucleic acid encoding the 
immunoadhe^ may utilize other adenoviral regulatory regions or sites such as splice 
junctions and polyadenylation signals and/or ^tes. Alternatively, the nucleic acid 
encoding an inmiunoadhesin may contain a different promoter or other regulatory 
sequences, such as splice sites and polyadenylation sequences, wherein the nucleic add 

10 encoding the immunoadhesin may contain those sequences necessary for expression of 
the immunoadhesin and not partially or totally require these regulatory regions and/or 
sites of the adenovirus genome. These regulatory sites may also be derived from 
another source, such a virus other than adenovirus. For nample, and as described 
herein, a polyadenylation dgnal from S V40 may be used rather than an adenovirus, a 

15 human, or a murine polyadmylation signal. The immunoadhesin nucleic acid insert 
may, alternatively, contain some sequences necessary for expression of the 
immunoadhesin and derive other sequences necessary for the expression of the 
immunoadhesin from the adenovirus genome, or even from the host in which the 
recombinant adenoxdrus is introduced. 

20 

As noted above, it is believed that, where de^red, modification and changes 
may be made in the structure of the immunoadhesin and still obtain a molecule having 
like or otherwise desirable characteristics. Such changes may occur in natural isolates 
or may be synthetically introduced using site-specific mutagenesis, the procedures for 
25 which, such as mis-match PGR, are well known in the art. 

For example, cmain amino acids may be substituted for other amino acids in an 
immunoadhesin protein structure without appreciable loss of interactive binding 
capadty with structures such as antigen-binding regions of antibodies (or, e.g., binding 
30 sites on substrate molecules). Since it is the mteractive capacity and nature of a 
protein that defines that protein's biological functional activity, certain amino acid 
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sequence substitutions can be made in an immunoadhesin sequence (or, of course, its 
underlying nucleic acid sequence) and nevertheless obtain an immunoadhesin with like 
or even countervailing properties (e.g., antagonistic v. agonistic). It is thus 
contemplated by the inventors that various changes may be made in the sequence of 
5 the immunoadhesins (or imderlying nucleic acid) without appreciable loss of their 
biological utility or activity and possibly with an increase in such utility or activity. 

The present invention also provides an adenovirus comprising a recombinant 
nucleic acid encoding an immunoadhesin inserted within an adenoviral nucleic acid, 

10 wherem the recombmant nucleic acid can be packaged in an adenovirus particle and 
wherein expression of the nucleic acid encoding the immunoadhesin results in 
production of the immunoadhe^n. Various adenoviruses may be used in the 
compoimds and methods described herein. For example, and as described in the 
Example contained herem, a nucleic add encoding an immunoadhesin can be inserted 

15 within the genome of adenovirus type 5. Sunilarly, other types of adenovirus may be 
used such as type 1, type 2, type 3, etc. For an exemplary list of the adenoviruses 
known to be able to infect human cells and which therefore can be used in the present 
invention, see Fields, ei al (1990) Virology, Raven Press, New York). Furthermore, 
it is contemplated that a recombinant nucleic acid comprising an adenoviral nucleic 

20 acid from one type adenovirus can be packaged using capsid proteins from a dififerent 
type adenovirus. 

The adenovirus is preferably rendered replication defident, depending upon the 
specific application of the compounds and methods described herein. Methods of 

25 rendering an adenovirus replication deficient and are well known in the art. For 
example, mutations such as point mutations, deletions, and insertions, and 
combinations thereof^ can be directed toward a spedfic adenoviral gene or genes, such 
as the El gene. For a specific example of the generation of a replication deficient 
adenovirus for use in gene therapy, see WO 94/28938 (Adenovirus Vectors for Gene 

30 Tho'apy Sponsorship) which is incorporated herdn. 



wo 98/40498 PCT/US98/04634 

-16- 

In one specific embodiment of the present invention, the recombinant nucleic 
acid encoding an immunoadhesin comprises a nucleic acid encoding an IL-10 
functionally attached to a nucleic acid encoding an IgG polypeptide (IL-lO-IgG) 
inserted within an adenoviral nucleic acid, wherein the recombinant nucleic acid can be 
5 packaged in an adenovirus particle and wherein expression of the recombmant nucldc 
add encoding the immunoadhesin results in production of the immunoadhesin. The 
term "functionally attached" as used herein is meant to describe IL-10, for example, is 
attached to IgG, for example, such that both molecules retain their respective 
spedfidties, and that the attachment of the two molecules to each other does not cause 

10 a decrease in their specificities or activities, but may increase one or both. In another 
embodiment of the present invention, the recombinant nucleic acid encoding an 
immunoadhesin comprises a nucleic acid encodmg a vBL-lO functionally attached to a 
nucldc acid encoding an IgG polypeptide (vIL-lO-IgG) mserted within an adenoviral 
nucleic acid, wherdn the recombinant nucleic acid can be packaged in an adenovirus 

15 particle and wherein e?q)ression of the recombinant nucleic acid encodmg the 
immunoadhesin results in production of the immunoadhesin. In yet another 
embodunent of the present invention, the recombinant nucleic acid encoding an 
immunoadhesin comprises a nucleic acid encoding an IL-13 functionally attached to a 
nucleic acid encoding an IgG polypeptide (IL-13-IgG) inserted within an adenoviral 

20 nucleic acid, wherdn the recombinant nucleic acid can be packaged in an adenovirus 
particle and wherein expression of the recombinant nucleic add encoding the 
immunoadhesin results in production of the immunoadhesin. In yet another 
embodiment of the present invention, the recombinant nucleic acid encoding an 
immunoadhesin comprises a nucleic acid encoding a LFA functionally attached to a 

25 nudeic add encoding an IgG polypeptide (LFAJgG) inserted within an adenoviral 
nucleic acid, wherein the recombinant nucldc add can be packaged in an adenovirus 
particle and wherdn expression of the recombmant nucleic acid encoding the 
immunoadhesm results in production of the immunoadhesin. In yet another 
embodiment of the present invention, the recombinant nucleic add encoding an 

30 immunoadhesin comprises a nucleic add encoding a mutated IL-2 functionally 

attached to a nudeic acid encoding an IgG polypeptide (IL-2ra-IgG) inserted within an 
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adenoviral nucleic acid, i^erein the recombinant nucldc acid can be packaged in an 
adenovirus particle and wherein expression of the recombinant nucleic acid encoding 
the immunoadhesin results in production of the immunoadhesin. In yet another 
embodiment of the present invention, the recombinant nucleic acid encoding an 
5 immunoadhesin comprises a nucleic acid encoding an IL-lra (IL-1 receptor antagonist) 
functionally attached to a nucleic acid encoding an IgG polypeptide (IL-lra-IgG) 
inserted within an adenoviral nucleic acid, wherdn the recombinant nucleic acid can be 
packaged in an adenovirus particle and wherein expression of the recombinant nucleic 
acid encoding the immunoadhesin results in production of the immunoadhesin. 

10 (Hannum et al -Interleukin-l Receptor Antagonist Activity of a Human Interleukin-1 
Inhibitor" Nature 343:336-40 (1990) In yet another embodiment of the present 
invention, the recombinant nucleic acid encoding an immunoadhesin comprises a 
nucleic acid encoding a mutant IL-4 functionally attached to a nucleic acid ^coding an 
IgG polypeptide (mutant IL-4-IgG) inserted within an adenoviral nucldc acid, wherem 

IS the recombinant nucleic add can be packaged in an adenovuus particle and wherein 
expresidon of the recombinant nucleic acid encoding the immunoadhesin results in 
production of the immunoadhesin. In yet another embodiment of the present 
invention, the recombinant nucleic acid encoding an immunoadhesin comprises a 
nucleic add encoding a VLA4 functionally attached to a nucleic add encoding an IgG 

20 polypeptide (VLA4-IgG) inserted within an adenoviral nucleic add, wherein the 
recombinant nucleic acid can be packaged in an adenovirus particle and wherein 
expression of the recombinant nucldc add encoding the immunoadhesin results in 
production of the inmiunoadhesin. In yet another embodiment of the present 
invention, the recombinant nucleic acid encoding an immunoadhesin comprises a 

25 nucldc acid encoding an ICAM functionally attached to a nucleic acid encoding an IgG 
polypeptide (ICAM-IgG) inserted within an adenoviral nucleic acid, wherein the 
recombinant nucleic add can be packaged in an adraovirus particle and wherein 
expression of the recombinant nucleic add encoding the immunoadhesin results in 
production of the immunoadhesin. In yet another embodiment of the present 

30 invention, the recombinant nucleic add encoding an immunoadhesin comprises a 
nucleic acid encoding a IL-2 functionally attached to a nucldc acid encoding an IgG 



wo 98/40498 PCT/US98/04634 

-18- 

polypeptide (IL-2-IgG) inserted within an adenoviral nucleic acid, wherein the 
recombinant nucleic acid can be packaged in an adenovirus particle and wherein 
expression of the recombinant nucleic acid encoding the immunoadhesin results in 
production of the unmunoadhesin. In yet another embodiment of the present 
5 invention, the recombinant nucleic acid encoding an immimoadhesin comprises a 
nucleic acid encoding a TGF-pi functionally attached to a nucleic acid encoding an 
IgG polypeptide (TGF-Pl-IgG) inserted within an adenoviral nucldc acid, wherein the 
recombinant nucleic acid can be packaged in an adenovirus particle and wherein 
expression of the recombinant nucleic acid encoding the immunoadhesin results in 

10 production of the immunoadhesin. In yet another embodiment of the present invention 
the recombinant nucleic acid encoding an inununoadhesin comprises a nucleic acid 
encoding a TGF-pi223,225 fonctionally attached to a nucleic acid encoding an IgG 
polypeptide (TGF-pl^^^^^^^-IgG) inserted within an adenoviral nucleic acid, wherein tiie 
recombinant nucleic acid can be packaged in an adenovirus particle and wherein 

IS expression of tiie recombinant nucleic acid encoding the immunoadhesin results in 
production of tiie immunoadhesin. In yet another embodiment of the present 
invention, the recombinant nucleic acid encoding an immimoadhesin comprises a 
nucleic add encoding a VCAM functionally attached to a nucldc acid encoding an IgG 
polypeptide (VCAM-IgG) inserted within an adenoviral nucldc add, wherein the 

20 recombinant nucleic add can be packaged in an adenovirus particle and wherein 
expression of the recombinant nucleic acid encoding the immunoadhesin results in 
production of the immunoadhedn. 

In one embodiment, the present invention provides an adenovirus comprising a 
25 recombinant nucleic acid encoding an immunoadhesin inserted within an adenoviral 
nucleic add, wherein the recombinant nucleic add can be packaged in an adenovirus 
particle and v^erein expression of the recombinant nucleic acid encoding the 
inmiunoadhe^n results in production of the immunoadhean and wherdn the 
inmiunoadhesin comprises IL-lO-IgG. In another embodiment, the present invention 
30 provides an adenovirus comprising a recombinant nucleic acid encoding an 

inrnixmoadhesin inserted within an adenoviral nucleic acid, wh^ein the recombinant 
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nucleic acid can be packaged in an adenovirus particle and Therein expression of the 
recombinant nucleic acid encoding the immunoadhesin results in production of the 
immunoadhesin and wherein the immunoadhesin comprises vIL-lO-IgG. In another 
embodiment, the present invention provides an adenovirus comprising a recombinant 
5 nucleic acid encoding an immunoadhe^ inserted within an adenoviral nucleic acid, 
wherein the recombinant nucldc acid can be packaged in an adenovirus particle and 
wherein expression of the recombinant nucleic acid encoding the immunoadhesin 
results in production of the immunoadhesin and wherein the immunoadhesin comprises 
IL-13-IgG. In another embodiment, the present invention provides an adenovirus 

10 comprising a recombinant nucleic acid encoding an immunoadhesin inserted within an 
adenoviral nucleic acid, wherein the recombinant nucleic acid can be packaged in an 
adenovirus particle and wherein expression of the recombinant nucleic acid encoding 
the immunoadhesin results in production of the immunoadhesin and wherein the 
immunoadhe^n comprises LFA-IgG. In another embodiment, the present invention 

IS provides an adenovirus comprising a recombinant nucleic acid encoding an 

immunoadhesin inserted within an adenoviral nucleic acid, wherein the recombinant 
nucleic acid can be packaged in an adenovirus particle and wherein expression of the 
recombinant nucleic acid encoding the immunoadhesin results in production of the 
immunoadhesin and wherein the immunoadhean comprises IL-2ra-IgG. In another 

20 embodiment, the present invention provides an adenovirus compri^ng a recombinant 
nucleic add encoding an immunoadhesin inserted vAAm an adenoviral nucleic add, 
wherein the recombinant nucleic add can be packaged in an adenovirus particle and 
wherein expression of the recombinant nucleic add encoding the immunoadhesin 
results in production of the immunoadhesin and wherein the immunoadhesin comprises 

25 IL-lra-IgG. In another embodiment, the present invention provides an adenovirus 
comprising a recombinant nucleic acid encoding an immunoadhesin inserted within an 
adenoviral nucleic add, wherein the recombinant nucleic add can be packaged in an 
adenovirus particle and wherein expression of the recombinant nucleic add encoding 
the immunoadhesin results in production of the inununoadhesin and wherdn the 

30 immunoadhesin comprises mutant IL-4-IgG. In another embodiment, the present 
invention provides an adeno>drus comprising a recombinant nucleic add encoding an 
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immunoadhesin inserted witlun an adenoviral nucleic acid, wherein the recombinant 
nucleic acid can be packaged in an adenovirus particle and wherein expression of the 
recombinant nucleic acid encoding the immunoadhesin results in production of the 
immunoadhesin and wherem the immunoadhesin comprises VLA4-IgG. In another 
5 embodiment, the present invention provides an adenovirus comprising a recombinant 
nucleic acid encoding an immunoadhesin inserted v^thin an ad»oviral nucldc acid, 
wherein the recombinant nucleic add can be packaged in an adenovirus particle and 
wherein expresaon of the recombinant nucleic add encoding the immunoadhesin 
results in production of the immunoadhesin and wherein the immunoadhesin comprises 

10 ICAM-IgG. In another embodiment, the present invention provides an adenovirus 
comprising a recombinant nucleic acid encoding an hnmunoadhesin mserted within an 
adenoviral nucleic acid, wherein the recombinant nucleic acid can be packaged in an 
adenovirus particle and wherein expression of the recombinant nucldc acid encoding 
the immunoadhesin results in production of the immunoadhesin and wherein the 

IS immunoadhesin comprises IL-2-IgG. In another embodiment, the present invention 
provides an adenovirus comprising a recombinant nucleic acid encoding an 
immunoadhesin inserted within an adenoviral nucleic acid, wherein the recombinant 
nucleic acid can be packaged in an adenovuus particle and wherein expression of the 
recombinant nucleic acid encoding the immunoadhei»n results m production of the 

20 immunoadhesin and wherein the immunoadhesm comprises TGF-pi-IgG. In another 
embodiment, the present invention provides an adenovirus comprising a recombinant 
nucleic add encoding an inununoadhesin inserted within an adenoviral nucleic acid, 
wherein the recombinant nucleic add can be packaged in an adenovirus particle and 
wherein expression of the recombinant nucleic add encoding the immunoadhesin 

25 results in production of the immunoadhesin and wherein the immunoadhesin comprises 
TGF-P l^^-^'^-^-'-IgG. In yet another embodiment, the present invention provides an 
adenovirus comprising a recombinant nucldc add encoding an inrniunoadhean inserted 
within an adenoviral nucleic acid, wherein the recombinant nucldc add can be 
packaged in an adenovirus particle and wherein expression of the recombinant nucleic 

30 add encoding the immunoadhesin results in production of the immunoadhesin and 
wherein the immunoadhesin comprises VCAM-IgG. 
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Also provided by the present invention are other immunoadhesins wherein the 
immunoadhesins comprise the non-immunoglobulin molecules described herein and 
those known in the art, operatively linked to immunoglobulin molecules or fragments 
of immunoglobulin molecules such as the HFc domains, wherein the spedes of 
S inmiunoglobulin is other than IgGl . Examples other subtypes of immunoglobulins 
which may be used mclude, but are not limited to, IgG2, IgiM, Igp, and IgA. 
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Also provided by the present invention are compounds comprising nucleic 
acids encoding vIL-lO-IgG, IL-13-IgG, LFA-IgG, IL-2ra-IgG, IL-lra-IgG, mutant IL- 
10 4-IgG, VLA4-IgG, IL2-IgG, TGF-pUgG, TGF-pi223,225jgQ^ VCAM-IgG. 

Also provided by the present invention are compounds comprising proteins 
comprising vIL-lO-IgG, IL-lS-IgG, LFA-IgG, IL-2ra-IgG, IL-lra-IgG, mutant IL-4- 
IgG, VLA4-IgG, IL2-IgG, TGF-pi-IgG, TGF-pl223,225.jgQ^ VCAM-IgG. 

15 

In all the constructions or compounds described herein, the non- 
inmiunoglobulin molecule may be functionally attached to a specifically cleavable 
linker peptide which is in turn functionally attached to an IgG polypeptide, such as by a 
thrombin-sensitive linker peptide. A linker such as this may allow one to specifically 

20 separate the non-inmiunoglobulin molecule fi-om the immunoglobulin molecule in 
specific cells or tissues, or at specific times post administration. A fimctional 
attadiment is typically, but not limited to, a peptide bond. Oth^ additional sequences 
may also be attached to the inmiunoadhesin, either through the addition of a nucleic 
acid encoding the additional sequence, or by addition of a peptide to the 

25 immunoadhesin. Similarly, the specific inmiunoadhesins of the present invention may 
be obtained not only through expression of a nucleic acid, but through the synthesis of 
a polypeptide as well. 

One method of producing proteins comprising the immunoadhesins of the 
30 present invention is to link two or more peptides or polypeptides together by protein 
chemistry techniques. For example, peptides or polypeptides can be chemically 
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synthesized using currently available laboratory equipment using either Fmoc (9- 
fluorenylmethyloxycarbonyl) or Boc (tert -butyloxycarbonoyl) chemistry. (Applied 
Biosystems, Inc., Foster City, CA). One skilled in the art can readily appreciate that a 
peptide or polypeptide corresponding to vIL-10, for example, can be synthesized by 
S standard chemical reactions. For example, a peptide or polypeptide can be synthesized 
and not cleaved from its synthesis resin whereas the other fragment of an 
unmunoadhesin can be synthesized and subsequently cleaved fix>m the re»n, thereby 
exposing a terminal group which is fimctionally blocked on the other fragment. By 
peptide condensation reactions, these two fragments can be covalently joined via a 

10 peptide bond at their carboxyl and amino termini, respectively, to form an 

immunoadhesin. (Grant, "Synthetic Peptides: A User Guide" W.R Freeman and 
Co., N. Y. (1992) and Bodansky, M and Trost, 5., Ed., "Principles of Peptide 
Synthesis" Springer-Verlag Inc., N.Y. (1993)). Alternatively, the peptide or 
polypeptide can by independently synthesized in vivo as described above. Once 

15 isolated, these independent peptides or polypeptides may be linked to form an 
immunoadhesin via similar peptide condensation reactions. 

For example, enzymatic ligation of cloned or synthetic peptide segments can 
allow relatively short peptide fragments to be joined to produce larger peptide 

20 fragments, polypeptides or whole protein domains (Abrahmsen, L, et aL, 

Biochemistry, 30:4151 (1991)). Alternatively, native chemical ligation of synthetic 
peptides can be utilized to synthetically construct large peptides or polypeptides from 
shorter peptide fragments. This method consists of a two step chemical reaction 
{Dawson, et al, "Synthesis of Proteins by Native Chemical Ligation" Science, 

25 266:776-779 (1994)). The first step is the chemoselective reaction of an unprotected 
synthetic peptide-%-thioester with another unprotected peptide segment containing an 
amino-ternunal Cys residue to ^ve a thioester-Imked intermediate as the initial 
covalent product. Without a change in the reaction conditions, this intermediate 
undergoes spontaneous, rapid intramolecular reaction to form a native peptide bond at 

30 the ligation site. Application of this native chemical ligation method to the total 

synthesis of a protein molecule is illustrated by the preparation of human int^leukin 8 



WO9S/40498 



PCTAJS98/04634 



-23- 

(IL-8) (Clark'Lewis, /., ei aL, FEBS Lett., 307:97 (1987), Clark-Lewis. /., et al, 
IBioLChem., 269:16075 (1994), Clark-Lewis, L, etal. Biochemistry, 30:3128 

(1991) , mARajarathncm, Al, etal. Biochemistry, 29:1689 (1994)). 

5 Alternatively, ui^)rotected peptide segments can be chemically linked where the 

bond formed between the peptide segments as a result of the chemical ligation is an 
unnatural (non-peptide) bond {Schnoker, M, etal. Science, 256:221 (1992)). This 
technique has been used to synthesize analogs of protein domains as well as large 
amounts of relatively pure proteins with full biological activity {deLisle Milton, RC, 
10 et aL, "Techniques in Protein Chemistry IV" Academic Press, New York, pp. 257-267 

(1992) ). 

The invention also provides fragments of immunoadhesms wluch have 
bioactivity. The polypeptide fragments of the present invention can be recombinant 

15 proteins obtained by cloning nucleic acids encoding the polypeptide in an expression 
system capable of producing the polypeptide fragments thereof such as the adenovirus 
system described herein. For example, one can determine the active domain of vIL-10 
which can cause a biological effect associated with the vIL-10. In one example, amino 
acids foimd to not contribute to dther the activity or the binding specificity or affinity 

20 of the vIL-1 0 can be deleted without a loss in the respective activity. 

For example, amino or carboxy-terminal amino acids can be sequentially 
removed from either the native or the modified non-immunoglobulin molecule or the* 
immunoglobulin molecule and the respective activity assayed in one of many available 

25 assays. In another example, a fragment of an immunoadhesin can comprise a modified 
vIL-10 wherein at least one amino acid has been substituted for the naturally occurring 
amino add at a specific position, and a portion of dther amino terminal or carboxy 
terminal amino acids, or even an internal region of the vIL-10, has been replaced with 
a polypeptide fragment or other moiety, such as biotin, which can facilitate in the 

30 purification of the modified immunoadhesin. For example, a modified immunoadhesin 
can be fiised to a maltose binding protein, through either peptide chemistry of cloning 
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the respective nucleic acids encoding the two polypeptide fragments into an expression 
vector such that the expression of the coding region results in a hybrid polypeptide. 
The hybrid polypeptide can be aflSnity purified by passing it over an amylose affinity 
column, and the modified imnumoadhesin receptor can then be separated fi-om the 
5 maltose binding region by cleaving the hybrid polypeptide with the specific protease 
factor Xa. (See, for example. New England Biolabs Product Catalog, 1996, pg. 164.). 
Similar purification procedures are available for isolatmg hybrid proteins fi^om 
aikaryotic cells as well. 

10 Active fi-agments of an immunoadhesin can also be synthesized directly or 

obtained by chemical or mechanical disruption of a larger immunoadhesin. An active 
Segment is defined as an amino add sequence of at least about 5 consecutive amino 
acids derived fi-om the naturally occurring ammo acid sequence, which has the relevant 
activity, e.g., binding or regulatory activity. 

15 

The fi-agments, whether attached to other sequences or not, can also include 
insertions, deletions, substitutions, or other selected modifications of particular regions 
or specific amino acids residues, provided the activity of the peptide is not significantly 
altered or impaired compared to the nonmodified immunoadhesin or inmiunoadhesin 

20 firagment. These modifications can provide for some additional property, such as to 
remove/add amino acids capable of disulfide bonding, to increase its bio-longevity, to 
alter its secretory characteristics, etc. In any case, the peptide must possess a bioactive 
property, such as binding activity, regulation of binding at the binding domain, etc. 
Functional or active regions of the immunoadhesin may be identified by mutagenesis of 

25 a specific region of the protem, followed by expression and testing of the expressed 
polypeptide. Such methods are readily apparent to a skilled practitioner in the art and 
can include site-specific mutagenesis of the nucleic acid encoding the receptor. 
{ZollerMJetal). 

30 The present invention also provides a method of delivering an immunoadhesin 

to a cell comprising administering to the cell an adenovirus comprising a recombinant 



wo 98/40498 



PCT/US98/04634 



-25. 

nucleic acid encoding an immunoadhesin inserted within an adenoviral nucleic acid, 
wherein the recombinant nucleic acid can be packaged in an adenovirus particle and 
wherein expression of the recombinant nucleic acid encoding the immunoadhesm 
results in production of the immunoadhesin, whereby expression of the recombmant 
S nucleic acid produces the immunoadhesin, thereby delivering the immunoadhesin to the 
cell. Such admmistration can result m highly successful deliv^ of the nucleic acid to 
cells and thus relatively high levels of expression of the immunoadhesin. 

It is well known in the art that an adenovirus can infect a wide variety of cells 
10 and therefore deliver its nucleic acid to the host cell, which in turn, can then express 
the nucleic acid, thereby producing the proteins encoded by the adenoviral nucleic 
acid. For exan^le, adenovirus can infect various sites of the respiratory tract, the eye, 
muscle cells, cells of the gastrointestinal tract, and cells of the bladder. The cell to 
which the adenovmis comprising a nucleic acid encoding an immunoadhesin is 
1 5 administered may comprise a cell ex vivo, such as a cell removed from a subject which 
is administered the adenovirus and subsequently replaced back to the subject. 
Alternatively, the cell may comprise a cell in vivo, such as delivering the adenovirus 
comprising the recombinant nucleic acid encoding an immunoadhesm to a cell within 
or on a subject. Alternatively, the cell may comprise a cell in culture, such as 
20 delivering to tissue culture cells an adenovmis comprising an immunoadhesin. 

This method, therefore, can be used to deliver an inmiunoadhesm to a 
particular cell or a group of cells, or alternatively, to a particular tissue or organ. Once 
an adenovirus comprising an immunoadhesin or a recombinant nucleic acid encoding 
25 an immunoadhesin is administered to a cell, that cell can then express the recombinant 
nucleic acid encoding the immunoadhesin and thereby produce the immunoadhesin, 
which can have a biological response from that cell or other cells which contact the 
immunoadhe^ or are otherwise affected by the immunoadhesin. 

30 The fact that adenovirus infects the eye is particularly relevant to a specific 

embodiment of the present invention which provides a method of delivering an 
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inununoadhesin to a human retinal pigment epithelial cell comprising administering to 
the human retinal pigment epithelial cell an adenovirus comprising a recombinant 
nucleic acid encoding an immunoadhesin inserted within an adenoviral nucleic acid, 
wherein the recombinant nucleic acid can be packaged in an adenovirus particle and 
5 wherein expression of the recombinant nucleic acid encoding the immunoadhesin 
results in production of the immunoadhesin, whereby expression of the recombinant 
nuddc add produces the inmiunoadhesin, thereby delivering the inmiunoadhesin to the 
human retinal pigment epithelial cell 

10 Similarly, adenovirus can infect muscle cells, including skeletal myocyte muscle 

cells. One can therefore deliver an adenovirus comprising a recombinant nucleic acid 
encoding an inmiimoadhesin to these cells to ddiver the immunoadhesin to these cells 
to treat a variety of conditions. 

15 Similarly, the present invention also provides a method of producing an 

immunoadhesin comprising administering to a cell an adenovirus comprising a 
recombinant nucleic acid encoding an immunoadhesin inserted within an adenoviral 
nucleic acid, wherein the recombinant nucleic acid can be packaged in an adenovirus 
particle and wherein expres^on of the recombinant nucleic acid encocfing the 

20 immunoadhesin results in production of the immunoadhesin, whereby the cell 
expresses the recombinant nucldc add encoding the inmiunoadhesin, thereby 
produdng the immunoadhesin. This method can therefore be used to produce 
immunoadhesins which are secreted extracellularly in which the immunoadhesin can be 
harvested from the extracellular medium as well as those immunoadhesins which are 

25 not secreted from the cell, in which the cell may have to be disrupted, possibly 

including additional disruption of the cell membrane. In a preferred embodiment, the 
immunoadhesins are secreted readily from the cells. Protdn harvesting methods are 
standard in the art and exemplified herein. The immunoadhesin can be purified to any 
desired level of purity, as is also standard in the art. 
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Additionally, and as described herein, the cell which is administered the nucleic 
acid encoding an immunoadhesin or an adenovirus comprising a nucleic acid encoding 
an immunoadhesin may produce the immunoadhesm, a subsequent adenovirus 
comprising a nuddc add encoding an immunoadhesin, or both. The present invention 
therefore provides a method of produdng an adenovirus comprising a nucleic acid 
encoding an immunoadhesin. 

Similarly, the present invention also provides a method of delivering an 
immunoadhesin to a subject comprising administering to the subject an adenovirus 
comprising a recombinant nucleic acid encoding an immunoadhesin inserted within an 
adenoviral nucleic acid, wherein the recombinant nucleic acid can be packaged in an 
adenovirus particle and wherein expression of the recombinant nucldc acid encodmg 
the immimoadhesin results in production of the immunoadhesin, whereby a cell of the 
subject expresses the recombinant nucleic acid encoding the immunoadhesin, th^eby 
delivering the immunoadhesin to the subject. 

Also provided by the present invention is a method of treatmg an inflammatory 
condition in a subject comprising administering to the subject an adenovirus 
comprising a recombinant nudeic acid encoding an immunoadhesin inserted within an 
adenoviral nucleic acid, wherein the recombinant nuddc add can be packaged in an 
adenovirus particle and wh^dn expression of the recombinant nucldc acid encoding 
the immunoadhesin results in production of the inmiunoadhesin protein, whereby a cell 
in the subject expresses the recombinant nucleic acid encoding the immunoadhesin and 
produces the immunoadhesin, thereby treatmg the inflammatory condition. 

In one embodiment and as described in the Example contained herdn, the 
immunoadhesin encoded by the adenovirus nucleic add comprises IL-lO-IgG. In 
another embodunent, the inflammatory condition comprises uveitis. 
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Also provided by the present invention is a method of treating an inflammatory 
condition in a subject comprising administering to the subject a compound comprising 
a recombinant nucleic acid encoding an immunoadhesin inserted within an adenoviral 
nucleic acid, wherein the recombinant nucleic add can be packaged in an adenovirus 
particle and wherein expression of the recombinant nucleic acid encoding the 
immunoadhesm results in production of the immunoadhesin, wherd)y the subject 
expresses the recombmant nudeic add encoding the immunoadhesin and produces the 
immunoadhesin, thereby treating the inflammatory condition. The recombinant nucleic 
acid encoding the immunoadhesin may be replication competent or replication 
deficient, but is preferably replication deficient. This method therefore provides a 
method for treating an inflammatory condition m a subject by administering a 
recombinant nucleic acid encoding an immunoadhesin to the subject whereby the 
subject expresses the recombinant nucleic acid encoding the immunoadhe^n thereby 
produdng the immunoadhesin which treats the inflammatory condition. Methods of 
adnunistering the recombinant nucleic add encoding the immunoadhesin are well 
known in the art and can include administration of •'naked DNA" as well as a nucleic 
acid associated with a carrier such as a cationic or anionic liposome, or polylysine. 
(See, e.g. Brigham et al. Amer. J. Respir. Cell and Mol. Biol. 8:209-213 (1993); 
Feigner et al. Proc. Nat. Acad. Sci. USA 84:7413; and U.S. Patent No. 4,897,355 
(Eppstein et al.)). 

An immunoadhe^ or a nucleic acid encoding an immunoadhesin used in these 
methods of treating an inflammatory condition m a subject comprising administering to 
the subject an immunoadhesin or a recombinant nucldc acid encoding an 
unmunoadhesin are selected from the group consisting of vIL-lO-IgG, IL-13-IgG, 
LFA-IgG, IL-2ra-IgG, IL-lra-IgG, mutant IL-4-IgG, VLA4.IgG, n-2-IgG, TGF-Pl- 
IgG, TGF-pl223.225^jgQ^ VCAM-IgG. Where the subject is administered a nuddc 
acid encoding an immunoadhesin, that subject expresses the nucleic acid encoding the 
immunoadhesin, thereby providing the subject with the immunoadhesin. Expression of 
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the nucleic acid encoding the immunoadhesin typically occurs within cells of the 
subject. 

A compound comprising an adenovirus comprising a nucleic acid encoding an 
S immunoadhesm, a recombinant nucldc add encoding an unmunoadhesm, or an 
inmiunoadhesin of this invention can be administered to a subject in need thereof by 
commonly employed methods for administering compounds in such a way to bring the 
adenovirus and/or the immunoadhesin in contact with the tissue or cell to be treated. 
Such methods include oral administration, parenteral injection (IP), subcutaneous 

10 injection (SC -particularly a controlled release depot), intravenous injection (IV), 
intramuscularly (IM), intranasal (IN), intraocular (10), extraocular (EO), sublingual 
(SL), or orally such as through oral inhalation (01). In general, a therapeutically 
effective amount is that amount needed to acUeve the desired results, thus successfully 
treating of the targeted disease state. Articles by George Hiller, Advanced 

15 Drug-Delivery Reviews^ 10: 163-204 (1993) [Elsevier Science Publishers B.V.] and 
Lorraine L. Wearley, Critical Reviews in Therapeutic Drug Carrier Systems^ 8(4): 
33 1-394 (1991) are usefiil discussions of these types of administrations. These articles 
are incorporated herein by reference. 

20 The dosage ranges for the admimstration of a compound or compositions of 

this invention may dq)end upon its potency, as described further herein, and are 
amounts large enough to produce the desired effect in which the condition being 
treated is treated, e.g. is measurably prevented, inhibited or decreased. The dosage 
should not be so large as to cause adverse side effects. Generally, the dosage will 

25 vary with the age, condition, sex and extent of the condition in the subject and can 
be determined by one of skill in the art. The dosage can also be adjusted by the 
individual physician in the event of any complication. The dosage can be that 
amount typical for related adenovirus administrations, such as about 1 x 10^ to about 
1 X 10^^ plaque-forming units of adenovirus and can be, for example, 1 x 10^ pfo, 1 x 

30 10^ pfu, 1 x lO"* pfu, 1 X 10^ pfu, 1 X lO^pfii, 1 X lo'^ pfu, 1 x 10* pfu, 1 x 10^ pfii, 1 x 
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10^^ pfii, 1x10^^ pfii, 1 X 10^^ pfii. For administration of recombinant immunoadhesin, 
the dose can range from about .001 to about 10 mg/kg and can be, for example, about 
0.01 to about 10 mg/kg; about 0.1 to about lOmg/k; about 1.0 to about 10 mg/kg; 
about 0.001 to about 1 mg/kg; about 0.001 to about 0.1 mg/kg; and about 0.01 to 
5 about 1.0 mg/kg. For one trial the dose used was up to 1 mg/kg (See, Hodges et oL 
"Phase 1 Study of Recombinant Human CIM-Immunoglobulin G Therapy of Patients 
with AIDS and AIDS-related Complex" Antimicrob. Agents Chemother. 35:2580-6 
(1991). 

10 The therapeutic compounds or compositions of this invention are 

conventionally administered, whether by IP, IM, IV, IN, 10, EO, SubCu, etc., as of a 
unit dose. The term "unit dose" when used in reference to a therapeutic compound or 
compo^tion of the present invention refers to physically discrete units suitable as 
unitary dosage for the subject, each unit containing a predetermined quantity of active 

15 material calculated to produce the desired therapeutic effect in association with the 
required diluent; i.e., carrier, or vehicle. 

The compounds or compositions are administered in a manner compatible vAlh 
the dosage formulation, and in a therapeutically effective amount. The quantity to be 

20 administered depends on the subject to be treated, capacity of the subject's system to 
utilize the active ingredient, and degree of therapeutic effect desired. Precise amounts 
of active ingredient required to be administered depend on the judgement of the 
practitioner and are peculiar to each mdividual. However, suitable dosage ranges for 
systemic application may depend on the route of administration. Suitable regimes for 

25 administration are also variable, but are typified by an initial administration followed by 
repeated doses at one or more hour int^als by a subsequent injection or other 
administration. Alternatively, continuous intravenous infusion su£5cient to maintain 
concentrations in the blood in the ranges spedfied for in vivo th^apies are 
contemplated. 



30 



wo 98/40498 PCr/US98/04634 

-31- 

Another aspect of this invention is a pharmaceutically-acceptable therapeutic 
composition that comprises a therapeutically effective amount of an adenovirus or an 
immunoadhesin of this invention in combination with a pharmaceutically-acceptable 
excipient. The composition is designed to facilitate the method of administering an 
adenovirus or an immunoadhesin of this invention in an effective manner. Generally a 
composition of this invention will have an adenovirus or an immunoadhesin dissolved 
or dispersed in the pharmaceutically -acceptable excipient. 

As used herein, the terms "pharmaceutically acceptable", "physiologically 
tolerable" and grammatical variations thereof, as they refer to compositions, excipients 
(including carriers, diluents, stabilizers, lubricants, reagents and the like), are used 
interchangeably and represent that the materials are enable of administration to or 
upon a subject without toxidty and preferably without the production of undesu^le 
physiological effects sudi as nausea, dizaness, gastric upset and the like. 

Compounds or compositions of this invention may be administered to a subject 
in a variety of forms depending on the method of administration. The method of 
admmistration may be viewed as "invasive" (e.g., IV, IM, IP or SC) or "non-invasive" 
(e.g., ocular, buccal, oral, transdermal, rectal, NI, 01 [pubnonary], and the like). In 
general, a composition that is delivered by an invasive route is generally administered 
by a health care profes^onal while a composition delivered by a non-invasive route 
may be administered by the patient him-or herself 

In administering the compounds or compositions of the invention by 
non-invasive method there are various general methods that are used for enhancing the 
delivery of a compound comprising an adenovirus containing a nucleic acid encoding 
an immunoadhesin, a nucleic add encoding an adenovirus encodmg an unmunoadhesm, 
or an immunoadhesin. The first is to increase the absorption of the compound. This 
can be done by the use of a prodrug, chemical modification of the primary structure of 
the compound, incorporation of the compound into liposomes or other encapsulation 
material, co-administration with penetration enhancers, the use of physical methods 
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such as iontophoresis and phonophoresis and targeting to specific tissues. Another 
method for enhancing delivery is to minimize the metabolism of the compound. This 
would include chemical modification of the primary structure, covalent attachment to a 
polymer, incorporation mto a liposome or other encapsulation material, 
5 co-administration with an enzyme inhibitor and targeting to specific tissues. The third 
general method of enhancing delivery of the compound includes prolonging the 
half-life of the compound by protecting it with polymers or liposomes, using a 
bioadhesive material or targetuig the composition to a specific tissue. 

10 In general, if it is desired to increase the absorption of the compounds of this 

invention through ocular, buccal, transdermal, or rectal administration, or by nasal 
inhalation or oral inhalation, one can employ certain penetration enhancers. These 
enhancers can include chelators such as EDTA, citric acid, N-acyl derivatives of 
collagen, enanunes (N-Amino N-acyl derivatives of $-diketones). Surfectants can also 

15 be used to enhance penetration. These include, sodium lauryl sulfate, 

polyoxyethylene-9-lauryl ether and polyoxyethelene-20-cetyl ether. Bile salts and 
derivatives are also known to enhance the penetration of the compound and these 
include sodium deoxycholate, sodium glycocholate, sodium taurocholate, sodium 
taurodihydrofiisidate and sodium glycodihyrofuddate. Still anoth^ type of penetration 

20 enhancer usefiil in the composition of this invention includes ceratin &tty acids and 
derivatives such as oliec, c£4>iy[ic acid, capric acid, acylcamitines, acylcholine and 
mono and diglycerides. Nonsurfiictants are also useful as penetration enhancers. The 
penetration enhancers can be used in the solution with the compounds of this invention 
where the compound and the penetration enhancers are in a pharmaceutically 

25 acceptable sterile solution which can be admmistered, for example by ocular 

administration. Alternatively the penetration enhancers can be included in a powdered 
formulation that can be administered as a a^osol by suspending the particulate matter 
in the stream of air. Such powdered formulations can be administered by a 
dry-powder inhaler such as those represented by Ventolin Rotohaler (Glaxo, Inc., 

30 Research Triangle Park, North Carolma, U. S. A), and Spinhaler (Fisons Corporation, 
Bedford, MA). Compositions that are in the form of solid micronized particle having a 
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particle size of about 0.5 to 10 microns in median diameter may be prepared in 
accordance with the teaching of PCX application international publication numbers 
WO91/16038 and W093/00951, Powders may be prepared in accordance with the 
teaching of Remington's Pharmaceutical Sciences, 18th Edition, Mack Publishing Co., 
5 Chapter 88: 1645-1648. These teachings are incorporated herein by reference. 

The active compound may be orally administered, for example, with an inert 
diluent or with an assimilable edible carrier, or it may be enclosed in hard or soft shell 
gelatin capsules, or it may be compressed into tablets, or it may be incorporated 
directly with the food of the diet. For oral therapeutic administration, the active 
compound may be incorporated with excipient and used in the form of ingestible 
tablets, buccal tablets, troches, capsules, elfadrs, suspensions, syrups, wafers, and the 
like. Such compositions and preparations should contain at least 0. 1% of active 
compound. In preparing oral formulations one needs to be aware of the problems of 
degradation in the mouth and upper GI tract. Thus, it may be preferable to employ an 
enzyme inhibitor in combination with the compound, or to use a penetration enhancer 
or to use a protective polymer or microcapsule. The percentage of the 
compositions and preparations may, of course, be varied and may conveniently 
contain up to about 20% by weight of the compound in a dosage unit. The amount 
of active compound in such therapeutically useful compositions is such that a 
suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain excipients 
such as the following: a binder such as polyvinylpyrrolidone, gum tragacanth, 
25 acacia, sucrose, com starch, gelatin, calcium phosphate, sodium citrate, and 

calcium carbonate; a disintegrant such as com starch, potato starch, t^ioca starch, 
certain complex ^licates, alginic acid and the like; a lubricant such as sodium lauryl 
sulfate, talc and magnesium stearate; a sweetening agent such as sucrose, lactose or 
saccharin; or a flavoring agent such as peppermint, oil of wintergreen or cherry 
30 flavoring. Solid compositions of a similar type are also employed as fillers in soft 
and hard-filled gelatin capsules; materials in this connection also include lactose or 
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milk sugar as well as high molecular weight polyethylene glycols. When the dosage 
unit form is a capsule, it may contain, in addition to materials of the above type, a 
liquid carrier. Various other materials may be present as coatings or to otherwise 
modify the physical form of the dosage unit. For instance, tablets, pills, or 
5 capsules may be coated with shellac, sugar or both. A syrup or elixir may contain 
the active compound, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye, flavoring sudi as cherry or orange flavor, emulsifying agents 
and/or suspending agents, as well as such diluents as water, ethanol, propylene 
glycol, glycerin and various like combinations diereof. Of course, any material 
10 used in preparing any dosage unit form should be pharmaceutically pure and 

substantially non-toxic in the amounts employed. In addition, the active compound 
may be incorporated into sustained-release pr^arations and formulations. Further 
components may be apparent to one of ordinary skill in the art. 

15 For purposes of IP administration, solutions in sesame or peanut oil or in 

aqueous propylene glycol can be employed, as well as sterile aqueous solutions of 
the corresponding water-soluble, alkali metal or alkaline-earth metal salts. Such 
aqueous solutions should be suitably buffered and tiie liquid diluent first rendered 
isotonic witii sufficient saline or glucose. Solutions of tiie active compound as a 

20 free base or a pharmacologically acceptable salt can be prepared in water suitably 
mixed with e.g. hydroxypropylcellulose. A dispersion can also be prq)ared in 
glycerol, liquid polyetiiylene glycols and mixtures tfiereof and in oils. Under 
ordinary conditions of storage and use, these preparations contain a preservative to 
prevent the growth of microorganisms. These particular aqueous solutions are 

25 especially suitable for IV, IM, SC and IP. In tiiis connection, tiie sterile aqueous 
media employed are all readily obtainable by standard techniques well-known to 
those skilled in the art. 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
30 solutions or dispersions and sterile powders for die extemporaneous preparation of 
sterile injectable solutions or dispersions. In all cases die form must be sterile and 
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must be fluid to the extent that easy syringability exists. It must be stable under the 
conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms such as bacteria and fungi. The carrier can 
be a solvent or diversion medium containing, for example, water, ethanol, polyol 
5 (for example, glycerol, propylene glycol, liquid polyethylene glycol and the like), 
suitable mixtures thereof, and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of a dispersion and by the use 
of surfactants. The prevention of the action of microorganisms can be brought 
10 about by various antibacterial and antifungal agents, for example, parabens, 

chlorobutanol, phenol, sorbic acid, tiiimerosal and the like. In many cases it will 
be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by use of 
agents delaying absorption, for example, aluminum monostearate and gelatin. 

15 

Sterile injectable solutions are prepared by incorporating the active 
compound in the required amount in the appropriate solvent with various of the 
other ingredients enumerated above, and as required and appropriate, followed by 
Altered sterilization. Generally, dispersions are prepared by incorporating the 

20 sterilized active ingredient into a sterile vehicle which contains the basic dispersion 
medium and the required other ingredients from those enumerated above. In the 
case of sterile powders for the preparation of sterile injectable solutions, the 
preferred methods of preparation are vacuum drying and the freeze drying 
technique which yield a powder of the active ingredient plus any additional desired 

25 ingredient from the previously sterile-filtered solution thereof. 

For IP formulations that are controUed-release, a compound of this invention 
can be combined with a polymer that regulates the release of the compound and 
protects it from degradation. Generally such polymer may be biodegradable or 
30 non-biodegradable and may further be hydrophilic or hydrophobic. Suitable 

hydrophilic, non-degradable polymers for use in the composition of this invention 
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include hydrogels such as acrylamide or vinyl pyrrolidone crosslinked wifli N, N' 
-methylene bisacrylamide. Suitable non-degradable hydrophobic polymers include, 
ethylene/vinyl acetate copolymers, silicone elastomers, polydimethylsiloxane, and 
the like. Degradable hydrophilic polymers useful in this invention include N-vinyl 
5 pyrrolidcme or acrylamide crosslinked with less than 1% N, N' -methylene 

bisacrylamide, dextran derivatized with glycidyl methacrylate and crosslinked widi 
N, N' -methylene bisacrylamide, water-soluble polyester prepared from fiimaric 
acid and poly (ethylene glycol) and crosslinked with N-vinyl pyrrolidone, 
water-soluble polyesters, and the like. Suitable degradable hydrophobic polymers 

10 useful for the composition of this invention include lactide/glycolide co-polymers, 
poly (orthoesters) and polyanhydrides. Of these various polymers, the 
lactide/glycolide co-polymers are preferred. A more detailed description of these 
polymers for controlled parenteral delivery may be found m an article by George 
Heller, Advanced Drug-Delivery Reviews, 10:163-204 (1993) (Elsevier Science 

15 Publishers BV). The article is incorporated herein by reference. 

For the preferred controlled release composition of this invention the 
lactide/glycolide co-polymers may have a ratio of DL-a lactic acid to DL-glycolic 
acid of about 30:70 to about 70:30, preferably about 40:60 to about 60:40. A ratio 
20 of about 44:56 is rq)resentative. An adenovirus or immunoadh^n of tiiis invention 
can be microencapsulated in the copolymer by means known in die art to form the 
composition, see, for example, U.S. Patent No. 4,675,189 issued June 23, 1987 to 
Sanders, Kent, Lewis and Tice. 

25 For purposes of topical administration, dilute sterile, aqueous solutions 

(usually in about 0. 1 % to 5% concentration), otiierwise similar to tiie above 
parenteral solutions, are prq)ared in containers suitable for drop-wise 
administi^tion to tiie eye in appropriate vehicles such as saline with appropriate 
antimicrobial agents such as sodium benzoate and thimerasol. 
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The dosage of the present therapeutic agents which will be most suitable for 
prophylaxis or treatment will vary with the form of administration, the particular 
compound chosen and the physiological characteristics of the particular subject 
under treatment. Generally, small dosages may be used initially and, if necessary, 
increased by small increments until the optimum effect under the circumstances is 
reached. Oral administration may require higher dosages. 

Also provided by the present invention is a method of screening an 
immunoadhesin for bioactivity, comprising administering to a first cell an adenovims 
containing a recombinant nucleic acid encoding the immunoadhesin, wherein the first 
cell expresses the recombinant nucleic add encoding the uranunoadhesin and thereby 
produces the inununoadhesin, contacting a second cell with the immunoadhesin, and 
monitoring the second cell for a biological response to the immunoadhesin, thereby 
screening the unmunoadhesin for bioactivity. This method can therefore screen 
particular inmiunoadhesins for a particular bioactivity such as reduction of cell- 
mediated immunity, reduction of antibody-mediated inununity, reduction of tissue 
necrosis and apoptosis and reduction of extracellular fluid extravasation. 

The screening method may entail harvesting the immunoadhesm fi-om the first 
cell which produces the immunoadhesin before the immunoadhesin is administered to a 
second cell which is then monitored for a biological response to the inununoadhesin, or 
the method may entail admbdng the first cell which produces the unmunoadhesin with 
the second cell which is then monitored for a biological response to the 
immunoadhesin. Similarly, the first cell which produces the immunoadhesin may be 
the same cell type as the second cell or the first and second cells may be different cell 
types. 

The present invention also provides a method of screening an immunoadhesin 
for bioactivity comprising administering to a cell an adenovirus containmg a 
recombinant nucleic add encoding the immunoadhesin, wherein the cell expresses the 
recombinant nucleic acid encoding the immunoadhesin and th^eby produces the 
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immunoadhesin, and monitoring the cell for a biological response to the 
immunoadhesin, thereby screening the immunoadhesin for bioactivity. The screening 
method, therefore, does not require a second cell which may not be producing an 
immunoadhesin, but may be employed using only a cell which is itself producmg an 
5 immunoadhesin. 

The screening assays of the invention may conveniently employ the 
immunoadhesin directly from the cell in which it is produced. This is achieved most 
preferably by sfanply expressing the selected immunoadhesin within the cell, typically a 

10 eukaryotic cell, followed by preparing a sample of the ceU culture medium which 
includes the immunoadhesin. A portion of the culture medium may then be admbced 
with an appropriate efifector of the inmiunoadhesin, e.g., a specific interieukin receptor. 
Alternatively, an additional purification step is accomplished on the culture medium 
contmning the inmiunoadhesin in order to recover a purified quantity of 

15 immunoadhesin molecules. The additional purification steps may include specific 
bmding of the immunoadhesin to protein A, anti-mouse IgG or, using a£5nity 
chromatography with a lectin column such as concanavalin A or lentil lectin. 

By comparing the binding of the selected effector in the presence or absence of 
20 the candidate immunoadhesin, one can obtain information regardmg the binding 
properties of the immunoadhesin. There are believed to be a wide variety of 
embodiments "which can be employed to determine the effect of the inmiunoadhesin on 
cells, and the invention is not intended to be limited to any one such method. 
However, it will generally be desirable to employ a system wherein one can measure 
25 the ability of the immunoadhesin to bind to and or be modified by the effector 

employed to a particular receptor. One method which may be employed may use a 
labeled immunoadhesm, which has been labeled in a manner such that the label is 
quantitatively retamed in the resultant immunoadhesui/receptor complex. A 
convenient approach is the use of a radioactive label, such as ^125, ^^C or ^H, which 
30 may be directly quantitated in both the immunoadhesin and the resultant complex. In 
certain assays, the admbcture containing the immunoadhesin and a receptor is allowed 
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to incubate for a selected amount of time, and the resultant incubated mixture 
subjected to a separation means in order to separate the unbound immunoadhesin 
remaining in the admixture from any immunoadhesin/receptor complex so produced. 
Then, one simply measures the amount of each, e.g., versus a control to which no 
candidate immunoadhesin has been added. This measurement can be made at various 
time points where vdocity data is desired. From this, one may determine the ability of 
the inununoadhesin to alter or modify the function of the receptor. Numerous 
techniques are known which could be employed for the separation of the 
immunoadhesin from immunoadhesin/receptor complex, and all such methods are 
intended to fall within the scope of the invention. Use of thin layer chromatographic 
methods (TLC), HPLC, spectrophotometric, gas chromatographic/mass 
spectrophotometric or NMR analyses. Other, more spedfic methods of purification 
already noted (affimty binding or unmunopredpitation) may be used, as well. It is 
contemplated that any such technique may be employed so long as it is capable of 
differentiating between the inmiunoadhesin and complex, and can be used to determine 
enzymatic function such as by identifying or quanting the substrate and product. 
The immunoadhesin/receptor complex itself may also be the subject of techniques such 
as x-ray crystallography. 

The screening methods described herein can also be utilized to screen an 
immunoadhean for bioactivity, comprising adnuntstering to a first cell an adenoviral 
nucleic acid encoding the inmiunoadhesin, wherdn the first cell expresses the 
adenoviral nucleic acid encoding the immunoadhesin and thereby produces the 
immunoadhesin, contacting a second cell with the immunoadhesin, and monitoring the 
second cell for a biological response to the unmunoadhesin, thereby screening the 
immunoadhesin for bioactivity. 

Similarly, the screemng methods described herein can be utilized to screen an 
inmiunoadhesin for bioactivity comprising administering to a cell an adenoviral nucleic 
acid encoding the immxmoadhesin, wherein the cell expresses the adenoviral nucleic 
add encoding the immunoadhesin and thereby produces the immunoadhesin, and 



wo 98/40498 PCT/US98/a4634 

-40- 

monitoring the cell for a biological response to the immunoadhesin, thereby screening 
the immunoadhesin for bioactivity. 



Throughout this application, various publications are referenced. The 
5 disclosures of these publications, and the references cited therein, in thdr entireties are 
hereby incorporated by reference into this application in order to more fixUy describe 
the state of the art to which this invention pertains. 

It will be apparent to those skilled in the art that various modifications and 
10 variations can be made in the present invention without departing fi-om the scope or 
spirit of the invention. Other embodiments of the invention will be apparent to those 
skilled in the art fi^om con^deration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and example be considered as 
exemplary only, with a true scope and spuit of the invention being indicated by the 
15 accompan^g cl£ums. 



The following examples are set forth so as to provide those of ordinary skill in 
the art with a complete disclosure and description of how the methods claimed herein 
may be performed, and is intended to be purely exemplary of the invention and is not 
20 intended to Umit the scope of what the inventors regard as their invention. Efforts 
have been made to ensure accuracy with respect to numbers (e.g., amounts, 
temperature, etc.) but some errors and deviations should be accounted for. Unless 
indicated otherwise, parts are parts by weight, temperature is in °C and pressure is at 
or near atmospheric. 

25 

EXAMPLES 



Cells 

Human retinal pigment epithelial cell (hRPE) primary cultures were established 
30 fi-om bank eyes (provided generously by the Missouri Lion's Eye Tissue Bank, 

Columbia, MO). The anterior segment, vitreous body, and retina w^e dissected away 
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from the posterior segment. The choroid and retinal pigment epithelium (RPE) were 
then teased away from the sclera and incubated in Eagle* s minimal essential medium 
(EMEM; Gibco-BRL, Gaither^urg, MD) containing 0.1 mg/ml Dispase (Boehringer 
Mannheim, Indianapolis, IN) for 16 hours at 37X in a 5% CO2 humidified air 
5 incubator. The cells were then rraioved by gentle pipetting and shaking followed by 
centrifugation at 33 x g for 5 mmutes. Cells were then resuspended in RPE growth 
medium (EMEM supplemented with non-essential amino acids (Gibco-BRL), penicillin 
G (Gibco-BRL) at 140 U/ml, streptomycin (Gibco-BRL) at 140 Fg/ml, amphotericin B 
(Gibco-BRL) at 0.35 ng/ml, and fetal bovine serum (Gibco-BRL) at 10%. Cells were 
10 then transferred to a tissue culture dish and maintained as a monolayer in a 5% CO2 
humidified air incubator at 37X. The retinal pigment epithelial origin of cultures was 
confirmed by the presence of staining for keratin and PHM-5 (Silenius). All 
experiments were carried out on cells between passage ten and seventeea 

IS The transformed human kidney cell line 293 (American Type Culture 

Collection, Rockville, MD) was maintained as a monolayer in Improved Eagle's 
Minimum Essential Medium (IMEM, Biofluids), supplemented with L-glutamine at 10 
mM (Gibco-BRL), penicillin G at 50 units/ml, streptomydn at 50 Fg/ml, and 10% 
heat-inactivated fetal bovine serum (Hyclone) in a 5% CO2 humidified air incubator at 

20 37^C. Transfections and transductions were performed generally at 60-80% 
confluence. 

NIH/3T3 (gift of S. Aaronson, National Cancer Institute/National Institutes of 
Health) and C9, (a Chinese hamster ovary cell line derived from CHO-Kl; gift of D. 
25 Valle, Johns Hopkins University) cell lines were maintained in culture in Dulbecco's 
Modified Essential Medium (DMEM, Biofluids) and 10% heat-inactivated fetal bovine 
serum (Biofluids) m a 5% CO2 humidified air incubator at 37X. 



30 



ARPE-19, a spontaneously arising human RPE cell line (Dunn et al., 1996) 
(kindly provided by L.M. H5elmeland) were maintained in culture medium consisting of 
Dulbecco's Modified Essential Medium: Nutrient Mixture F12, 1:1 mixture, with 
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HEPES buffer (Biowhittaker), 10% fetal bovine serum (Hyclone), and 0.348% (w/v) 
additional sodium bicarbonate (56 mM final bicarbonate concentration) in a 10% CO2 
humidified air incubator at 37°C. 

The IL-3 dependent pro-B ceU line BaMR29al (generous gift of Dr. Kevin W. 
Moore, DNAX, Palo Alto, CA), transfected with the gene for the murine IL-10 
receptor (mIL-lOr) and neomycin resistance gene (Ho et al., 1993) maintained in 
culture in RPMI 1640 (Biowhittaker) vwth 50 FM mercaptoethanol (Sigma), 10 ng/ml 
mouse IL-3 (R&D Systems), 1 mg/ml G418 (Gibco-BRL), and 10% fetal bovine 
serum (Gibco-BRL) in a 5% C02 humidified air incubator at 37X. 

Construction of mIL-10:HFc/ AdS.hCMV.mIL-10!HFc 

An immunoadhesin compri^g murine interieuldn-10 and the constant region 
of the murine IgGl heavy chain was produced as follows. The plasmid pAd/CMV.l 
containing the first 16 map units of the adenovirus genome with the region between 
map unit 1 .3 and map unit 9 A deleted and replaced by the cytomegalovirus major 
immediate early promoter/enhancer region fi-om pCDNA3 (Inxdtrogen, San Diego, 
CA) into the adenovirus shuttle plasmid pAdeno-1 was constructed as described 
previously (Sullivan et al, 1996). The plasmid pAd/CMV. 1 was then modified to 
contam the murine immunoglobulin gamma 1 heavy cham gene hinge, CH2, and CH3 
domains (HFc). To en^eer this construct, the HFc gene was amplified by the 
polymerase chain reaction (PCR) from the plasmid HFc-pUC18 using primer 
sequences HFc forward 5*-TGTATTCTAGAAGCAGCACCAAGGTGGACA (SEQ 
ID N0:8) and HFc reverse 5'-TGTATATCGATCTGGGATCATTTACCAGGA 
(SEQ ID N0:9) engineered vwth Xba I and Cla I at its 5' and 3' ends respectively. 
The 718 base pair (bp) PCR product was subdoned into the Xba I and Cla I sites of 
pAd/CMV. 1 . The shuttle plasmid pAd.CMV.mIL-10.HFc was generated by cloning 
the 534 bp PCR product encocfing murine IL-10 (mIL-10) Qidoore et al, 1990), 
lacking its termination codon and engineered with Eco RV and Xba I at its 5' and 3' 
ends respectively using primer sequences mIL-10 forward 5'- 
TGTATGATATCATGCCTGGCTCAGCACTG (SEQ ID NO: 10) and mlL-lO 
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reverse 5'-TGTATTCTAGAGCTTTTCATTTTGATCATCAT (SEQ ID NO: 11), into 
the pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 
adenovirus, 10 Fg of pAd.CMV.mlL-lO.HFc was cotransfected by calcium phosphate 
coprecipitation {Wigler et al, 1977) into 293 cells along with 5 Fg of the adenovirus 
type 5 genome containing plasmid pJM17 (supplied generously by Dr. Frank L. 
Graham, McMaster Univeraty, Hamilton, Ontario, Canada). pJM17 contains the fiill- 
length adenovirus type 5 genome and pBRX, a 4.3-kb insertion into the El region at 
3.7 map units. Thus the maximum packaging limit of the cDNA into the virus capsid 
was exceeded by approximately 2 kb {McGrory et aL, 1988). 

Homologous recombination then took place in the 293 cells between the two 
plasmids replacing the El region and pBRX in JM17 with the cDNA from 
pAd.CMV.mIL-10:HFc. The resulting DNA was then be packaged into the 
adenovirus capsid and was also rendered replication-defective as a consequence of its 
lacking of the El region required for eflfident replication. El was supplied w trans by 
the 293 cells. Single plaques of Ad5.hCMV.mIL-10:HFc were amplified in 293 cells 
from which crude viral lysate (CVL) was used for cell line transduction and the 
genoration of serum-free conditioned medium. CVL was titered as described 
previously (Graham and Prevec, 1991) and was typically m the range of 7-9x10* 
plaque forming units per milliliter (pfu/ml). Stocks of CVL generated from 
recombmant viruses were examined for contamination with replication competent 
adenovirus by infectmg A549 cells (an epithelial cell line derived from human lung) at a 
multiplidty of infection (MOI) of 1 0 and serially passaged three times wthout 
observed cytopathic effect. 

Construction of other immunoadhesins 

For the purpose of screening the activity of these protdns in a rodent model of 
uveitis, the constructs listed were all murine or rat derived. It is important to note that 
the human derived constructs (both of the ligand and the IgG portion) are readily 
generated for use in treatment of human disease, using human interleukins and human 
immunoglobulins, which are known in the art. 
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vIL-lO-IgG: 

An immunoadhesin comprising viral interieukin-10 and the constant region of 
the murine IgGl heavy chain was produced as follows. The plasmid pAd/CMV. 1 
contmning the first 16 map units of the adenovirus genome with the region between 
5 map unit 1 .3 and map unit 9.4 deleted and replaced by the cytomegalovirus major 
unmediate early promoter/enhancer region from pCDNA3 (Invitrogen, San Diego, 
CA) into the adenovirus shuttle plasmid pAdeno-1 was constructed as described 
previously (Sullivan et al., 1996). The plasmid pAd/CMV.l was then modified to 
contain the murine immunoglobulin gamma 1 heavy chain gene hinge, CH2, and CH3 

10 domains (HFc). To engineer this construct, the HFc gene was amplified by the 
polymerase chain reaction (PGR) from the plasmid HFc-pUC18 using primer 
sequences HFc forward S'-TGTATTCTAGAAGCAGCACCAAGGTGGACA (SEQ 
ID N0:8) and HFc reverse 5'-TGTATATCGATCTGGGATCATTTACCAGGA 
(SEQ ID N0:9) engineered with Xba I and Cla I at its 5' and 3* ends respectively. 

15 The 718 base pair (bp) PGR product was subcloned into the Xba I and Cla I sites of 
pAd/CMV.l. The shuttle plasmid pAd.CMV.vIL-10.HFc was generated by cloning 
the 510 bp PCR product encoding viral IL-10 (vIL-10) {Moore etal, 1990), lacking 
its termination codon and engineered with Eco RV and Xba I at its 5' and 3' ends 
respectively using primer sequences vIL-10 forward 5'- 

20 TGTATGATATCATGGAGCGAAGGTTAGTG (SEQ ID NO: 10) and vIL-10 

reverse 5'.TGTATTCTAGACCTGGCTTTAATTGTCATG (SEQ ID NO: 1 1), into 
the pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 
adenovirus, 10 ^g of pAd.CMV.vIL-lO.HFc was cotransfected by calcium phosphate 
coprecipitation {Wigler et al, 1977) into 293 cells along with 5 jig of the adenovirus 

25 type 5 genome containing plasmid pJM17 (supplied generously by Dr. Frank L. 

Graham, McMaster University, Hamilton, Ontario, Canada). pJM17 contains the full- 
length adenovirus type 5 genome and pBRX, a 4.3-kb insertion into the El rej^on at 
3.7 map units. 

30 Homologous recombmation then takes place in the 293 cells between the two 

plasmids replacing the El region and pBRX in JM17 with the cDNA from 
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pAd.CMV.vIL-10:HFc. The resulting DNA can then be packaged into the adenovirus 
capsid and was also rendered replication-defective as a consequence of its lacking of 
the El region required for efficient replication. El was supplied in trans by the 293 
cells. Single plaques of Ad5.hCMV.vIH0:HFc were amplified in 293 cells fi-om 
5 which crude viral lysate (CVL) was used for cell line transduction and the generation 
of senim-fi-ee conditioned medium. 

IL.13-IgG: 

An immunoadhesin comprising interleukin-13 and the constant region of the 

10 murine IgGl heavy chain was produced as follows. The plasmid pAd/CMV. 1 

contaming the first 16 map units of the adenovirus genome with the region between 
map unit 1.3 and map unit 9.4 deleted and replaced by the cytomegalovirus major 
immediate early promoter/enhancer region fi-om pCDNA3 (Invitrogen, San Diego, 
CA) into the adenovirus shuttle plasmid pAdeno-1 was constructed as described 

15 previously (Sullivan ei al, 1996). The plasmid pAd/CMV. 1 was then modified to 
contain the murine immunoglobulin gamma 1 heavy chain gene hinge, CH2, and CH3 
domains (HFc). To engineer this construct, the HFc gene was amplified by the 
polymerase cham reaction (PGR) fi^om the plasmid HFc-pUC18 uang primer 
sequences HFc forward 5'-TGTATTCTAGAAGCAGCACCAAGGTGGACA (SEQ 

20 ID N0:8) and HFc reverse S'-TGTATATCGATCTGGGATCATTTACCAGGA 
(SEQ ID N0:9) engineered with Xba I and Cla I at its 5* and 3* ends respectively. 
The 718 base pair (bp) PGR product was subcloned into the Xba I and Cla I sites of 
pAd/GMV.l. The shuttle plasmid pAd.GMV.IL-13.HFc was generated by cloning the 
391 bp PGR product encoding IL-13. {Brown et al (1989) "A fanuly of small 

25 mducible proteins secreted by leukocytes are members of a new superfimiily that 
includes leukocyte and fibroblast-derived inflammatory agents, growth fiictors, and 
indicators of various activation processes" J Immunology 142, 679-687), lacking its 
termmation codon and engineered with Eco RV and Xba I at its S' and 3' ends 
respectively using primer sequences IL-13 forward 5' TGTAT GATATCATG 

30 GCGCTGTG GGTGAGT (SEQ ID NO: 10) and IL-13 reverse 5'- 

TGTATTGTAGAGAAGGGGGGGTGGGGAA (SEQ ID NO: 1 1). into the 
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pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 
adenovirus, 10 of pAd.CMV.IL-13.HFc was cotransfected by calcium phosphate 
copredpitation (Wigler et cd., 1977) into 293 cells along with 5 jxg of the adenovirus 
type 5 genome containing plasmid pJM17 (supplied generously by Dr. Frank L. 
5 Graham, McMaster University, Hamilton, Ontario, Canada). pJMl? contains the full- 
length adenovirus type 5 genome and pBRX, a 4.3-1* insertion into the El re^on at 
3.7 map units. 

Homologous recombination then takes place in the 293 cells between the two 
10 plasmids replacing the El region and pBRX in JM17 with the cDNA from 

pAd.CMV.IL-13 :HFc. The resulting DNA was then packaged into the adenovirus 
capsid and was also rendered replication-defective as a consequence of its lackmg of 
the El region required for efficient replication. El is supplied in tram by the 293 
cells. Single plaques of AdS.hCMV.]L-13:HFc were amplified in 293 cells from which 
15 crude viral lysate (CVL) was used for cell line transduction and the generation of 
serum-free conditioned medium* 

IL-2ra-IgG: 

An immunoadhesm comprising mutant interleukin-2 (capable of binding the 
20 interlaikin-2 receptor without subsequent activation) and the constant re^on of the 
murine IgGl heavy chain was produced as follows. The plasmid pAd/CMV. 1 
containing the first 16 map units of the adenovirus genome with the region between 
map unit 1 .3 and map unit 9.4 deleted and replaced by the cytomegalovirus major 
immediate early promoter/enhancer region from pCDNA3 (Invitrogen, San Diego, 
25 CA) into the adenovirus shuttle plasmid pAdeno-1 was constructed as described 
previously (Sullivan et al, 1996). The plasmid pAd/CMV.l was then modified to 
contain the munne inmiuno^obulin gamma 1 heavy cham gene lunge, CH2, and CH3 
domains (HFc). To engineer this construct, the HFc gene was amplified by the 
polym^ase chain reaction (PCR) from the plasmid HFc-pUC18 using primer 
30 sequences HFc forward 5=.TGTATTCTAGAAGCAGCACCAAGGTGGACA (SEQ 
ID N0:8) and HFc reverse 5=-TGTATATCGATCTGGGATCATTTACCAGGA 
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(SEQ ID N0:9) engineered with Xba I and Cla I at its 5= and 3= ends respectively. 
The 718 base pair (bp) PGR product was subcloned into the Xba I and Cla I sites of 
pAd/CMV. 1 . The shuttle plasimd pAd.CMV.mutant IL-2.HFc was generated by 
cloning the PGR product encoding mutant - lL-2 (IL-2) {ZurawsJd, G. (1989) m^O 
J 8, 2583-90), lacking its termination codon and engineered with Eco RV and Xba I at 
its 5= and 3* ends r^pectively uang primer sequences mutant IL-2 forward 5=- 
TGTATGATATCATG TACAGCACTGAGCTC (SEQ ID NO: 10) and mutant IL2 
reverse 5=^TGTATTCTAGATTGAGGGCTTGTTGAGATG (SEQ ID NO: 11), into 
the pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 
adenovirus, 10 jig of pAd.CMV.mutant IL-2.HFc was cotransfected by calcium 
phosphate coprecipitation {Wigler et aL, 1977) into 293 cells along with 5 pg of the 
adoiovirus type S genome contaiiung plasmid pJM17 (supplied generously by Dr. 
Frank L. Graham, McMaster Univwsity, Hamilton, Ontario, Canada). p]M17 contains 
the fiiU-loigth adenovirus type 5 gmome and pBRX, a 4.3-kb insertion into the El 
region at 3.7 map units. Thus the maximum packaging limit of the cDNA into the 
virus capsid was exceeded by approximately 2 kb {f^cGrory et al, 1988). 

Homologous recombmation then takes place in the 293 cells b^een the two 
plasmids replacing the El region and pBRX in JM17 with the cDNA from 
pAd.CMV,rautant IL-2:HFc. The resulting DNA was then packaged into the 
adoiovirus capaid and was also roidered replication-defective as a consequence of its 
lacking of the El region required for efiBdent replication. El was supplied in trans by 
the 293 cells. Single plaques of AdS.hCMV.mutant IL-2:HFc are amplified in 293 
cells from which crude viral lysate (CVL) was used for cdl line transduction and the 
generation of s^um-free conditioned mediunL 

IL-lra-IgG: 

An immunoadhean comprising uiterleukin-1 receptor antagonist (ILlra) and 
the constant re^on of the murine IgGl heavy cham was produced as follows. The 
plasmid pAd/CMV. 1 containing the first 16 map units of the adenovirus genome with 
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the region between map unit 1.3 and map unit 9.4 deleted and replaced by the 
cytom^alovirus major immediate early promoter/enhancer region from pCDNAS 
(Invitrogen, San Diego, CA) into the adenovirus shuttle plasnud pAdeno-1 was 
constructed as described previously {Sullivan et al., 1996). The plasmid pAd/CMV. 1 
S was then modified to contain the murine immunoglobulin gamma 1 heavy chain gene 
hinge, CH2, and CH3 domains (HFc). To engineer this construct, the HFc gene was 
amplified by the polymerase chain reaction (PGR) from the plasmid HFc-pUCl 8 using 
primer sequences HFc forward 5=-TGT ATTCTAGAAGCAGC ACCAAGGTGGACA 
(SEQ ID NO: 8) and HFc reverse 5=- 

10 TGTATATCGATCTGGGATCATTTACCAGGA (SEQ ID N0:9) engineered with 
Xba I and Cla I at its S= and 3= ends req)ectively. The 71 8 base psur (bp) PGR 
product was subdoned into the Xba I and Cla I ates of pAd/CMV.l. The shuttle 
plasmid pAd.CMV.ILlra.HFc was generated by cloning the 533 bp PGR product 
encoding IL-lra (Matsushime. H., Roussel, MR, Matsushima, K, Hishimma, A, 

15 Sherr, CJ.., (1991) Cloning and expression of murine interIeukin-1 receptor antagonist 
in macrophages stimulated by colony-stimulating factor 1. Blood 78, 616-23.), lacldng 
its termination codon and engineered with Hind m and Xba I at its 5= and 3= ends 
respectively u»ng primer sequences ILlra forward 5=- 

TGTATAAGCTTATGGAGCGAAGGTTAGTG (SEQ ID NO: 10) and ILlra reverse 
20 5=-TGTATTCTAGACCTGGCTTTAATTGTCATG (SEQ ID NO: 1 1), mto the 
pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 
adenovirus, 10 pg of pAd.CMV.ILlra.HFc was cotransfected by caldum phosphate 
coprecipitation {Wigler et al, 1977) into 293 cells along with 5 ^g of the adenovirus 
type 5 goiome containing plasmid pJM17 (supplied goierously by Dr. Frank L. 
25 Graham, McMasterUniveraty, Hamilton, Ontario, Canada). pJMl 7 contains the fiiU- 
length adenovirus type 5 genome and pBRX, a 4.3-kb insotion into the El re^on at 
3.7 map units. Thus the maximum packaging limit of the cDNA into the virus capsid is 
exceeded by approximately 2 kb (McGrory et al , 1 988). 
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Homologous recombination then takes place in the 293 cells between the two 
plasmids replacing the El region and pBRX in JM17 with the cDNA from 
pAd.CMV.ILlra:HFc. The resulting DNA was then packaged into the adenovirus 
capsid and was also rendered replication-defective as a consequence of its lacking of 
5 the El re^on required for eflBcient replication. El is supplied in trans by the 293 
cells. Single plaques of Ad5.hCMV.ILlra:HFc were amplified in 293 cells from which 
crude viral lysate (CVL) was used for cell line transduction and the generation of 
serum-free conditioned medium. 

10 mutant 4-IgG: 

An immunoadhesin comprising mutant interleukin-4 (mutant 11^4) and the 
constant region of the murine IgGl heavy chain is produced as follows. The 
plasmid pAd/CMV.l containing the first 16 map units of the adenovirus genome 
with the region between map unit L3 and m^ unit 9.4 deleted and replaced by the 

15 cytomegalovirus major immediate early promoter/enhancer region from pCDNA3 
(Invitrogen, San Diego, CA) into tiie adenovirus shuttie plasmid pAdeno-1 is 
constructed as described previously (Sullivan et al., 1996). The plasmid 
pAd/CMV.l is then modified to contain the murine immunoglobulin gamma 1 
heavy chain gene hinge, CH2, and CH3 domains (HFc). To engineer this 

20 construct, the HFc gene is amplified by the polymerase chain reaction (PGR) from 
the plasmid HFc-pUC18 using primer sequences HFc forward 5'- 
TGTATTCTAGAAGCAGCACCAAGGTGGACA (SEQ ID N0:8) and HFc 
reverse 5'TGTATATCGATCTGGGATCATTTACCAGGA (SEQ ID N0:9) 
engineered with Xba I and Cla I at its 5' and 3* ends respectively. The 718 base 

25 pair (bp) PGR product is subcloned into tiie Xba I and Gla I sites of pAd/GMV. 1. 
The shutUe plasmid pAd.GMV. mutant IL-4.HFc is generated by cloning the PGR 
product encoding mutant IL-4 (Zurawski, S.M., Vega F, Huyghe, B. Zurawski, G., 
(1993) Receptors for interieukm-13 and mterleukin-4 are complex and share a novel 
component that functions in signal transduction. EMBO J., lacking its termination 

30 codon and engineered with Eco RV and Xba I at its S* and 3' ends respectively 
using primer sequences IL-4 forward 5 '-TGTATGATATGATG 
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GGTCTCAACCCCCAGCTAGTTGTC (SEQ ID NO: 10) and IL-4 reverse 5'- 
TGTATTCTAGACGAGTAATCCATTTGCATGATGCT (SEQ ID NO: 1 1), into 
the pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 
adenovirus, 10 mg of pAd.CMV. mutant IL4.HFc is cotransfected by calcium 
5 phosphate coprecipitation (Wigler et al. , 1977) into 293 cells along with 5 mg of the 
adenovirus type 5 genome containing plasmid pJM17 (supplied generously by Dr. 
Frank L. Graham, McMaster University, Hamilton, Ontario, Canada). pJM17 
contains the full-length adenovirus type 5 genome and pBRX, a 4.3-kb insertion 
into the El region at 3.7 map units. Thus the maximum packaging limit of the 
10 cDNA into the virus capsid is exceeded by approximately 2 kb (McGrory et ah, 
1988). 



Homologous recombination then takes place in the 293 cells between the two 
plasmids rq)lacing the El region and pBRX in JM17 with the cDNA from 

15 pAd.CMV. mutant IL-4:HFc. The resulting DNA can then be packaged into the 
adenovirus capsid and is also rendered replication-defective as a consequence of its 
lacking of the El region required for efficient replication. El is supplied in trans 
by the 293 cells. Single plaques of AdS.hCMV. mutant IL-4:HFc are amplified in 
293 cells from which crude viral lysate (CVL) was used for cell line transduction 

20 and the generation of serum-free conditioned medium. 

ICAMJgG: 

An immunoadhesin comprising intercellular adhesion molecule- 1 (ICAM) and 
the constant region of the murine IgGl heavy chain was produced as follows. The 

25 plasmid pAd/CMV. 1 containing the first 16 map units of the adenovirus genome with 
the region between map unit 1.3 and map unit 9.4 deleted and replaced by the 
cytomegalovirus nuyor immediate early promoter/enhance re^on from pCDNA3 
(Invitrogen, San Diego» CA) into the adenovirus shuttle plasmid pAdeno-1 was 
constructed as described previously (Sullivan et al., 1996). The plasmid pAd/CMV. 1 

30 was then modified to contain the murine immimoglobulin gamma 1 heavy chain gene 
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hinge, CH2, and CH3 domains (HFc). To engineer this construct, the HFc gene was 
amplified by the polymerase chain reaction (PCR) from the plasmid HFc-pUC18 using 
primer sequences HFc forward 5=-TGTATCCATGGAGCAGCACCAAGGTGGACA 
(SEQ ID N0:8) and HFc reverse 5=- 
5 TGTATATCGATCTGGGATCATTTACCAGGA (SEQ ED N0:9) engineered with 
Nco I and Cla I at its 5= and 3= ends respectively. The 1397 bp PCR product 
encoding the putative ejrtracellular domain of ICAM-1 {Ballmtyne, CM., O'Brien, 
W.K, Beaudei, AL (1989) Nucleotide sequence of the cDNA for murine intercellular 
adhesion moIecuIe-1 (ICAM-1). Nucleic Acids Research 17, 5853.), lacking its 

10 transmembrane domain and en^eered with Eco RV and Nco I at its 5- and 3= ends 
respectively usmg primer sequences ICAM forward 5=- 
TGTATGATATCATGGAGCGAAGGTTAGTG (SEQ ID NO: 10) and ICAM 
reverse 5=-TGTATCCATGGCCTGGCTTTAATTGTCATG (SEQ ID NO: 1 1), into 
the pAd.CMV.HFc construct in frame with HFc. In order to rescue a recombinant 

15 adenovirus, 10 ^ig of pAd.CMV.ICAM.HFc was cotransfected by calcium phosphate 
coprecipitation (Wigler et al., 1977) into 293 cells along with 5 jig of the adenovirus 
type 5 genome containing plasmid pJM17 (supplied generously by Dr, Frank L. 
Graham, McMaster University, Hamilton, Ontario, Canada). pJM17 contains the fiiU- 
length adenovirus type 5 genome and pBRX, a 4.3-kb insertion into the El region at 

20 3.7 map units. Thus the maximum packaging limit of the cDNA into the virus capsid is 
exceeded by approximately 2 kb {McGrory et aL, 1988). 

Homologous recombination then takes place in the 293 cells between the two 
plasmids replacing the El region and pBRX in JM17 with the cDNA from 

25 pAd.CMV.ICAM:HFc. The resulting DNA was then packaged into the adenovirus 
capsid and was also rendered replication-defective as a consequence of its lacking of 
the El region required for efiScirat replication. El was supplied in trans by the 293 
cefls. Single plaques of Ad5.hCMV.ICAM:HFc were amplified in 293 ceUs from 
which crude viral lysate (CVL) was used for cell line transduction and the generation 

30 of serum-free conditioned medium. 
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IL-2-IgG: 

An inununoadhesin comprising interieukin-2 and the constant regjon of the 
murine IgGl heavy chain was produced as follows. The plasmid pAd/CMV. 1 
containing the first 16 map units of the adenovirus genome with the regjon between 
map unit 1.3 and map unit 9.4 deleted and replaced by the cytomegalovirus major 
immediate early promoter/enhancer r^on from pCDNAS (Invitrogen, San Diego, 
CA) into the adenovirus shuttle plasmid pAdeno-1 was constructed as described 
previously (Sullivan et al., 1996). The plasmid pAd/CMV. 1 was then modified to 
contain the murine immunoglobulin gamma 1 heavy chain gene hinge, CH2, and CH3 
domains (HFc). To engineer this construct, the HFc gene was amplified by the 
polymerase chain reaction (PGR) from the plasmid HFc-pUC18 using primer 
sequences HFc forward 5=-TGTATTCTAGAAGCAGCACCAAGGTGGACA (SEQ 
ID N0:8) and HFc reverse 5=-TGTATATCGATCTGGGATCATTTACCAGGA 
(SEQ ID N0:9) engineered with Xba I and Cla I at its 5= and 3= ends respectively. 
The 718 base par (bp) PGR product was subcloned into the Xba I and Cla I sites of 
pAd/CMV. 1 . The shuttle plasmid pAd.CMV.IL-2.HFc was generated by cloning the 
PCR product encoding IL-2 (IL-2) {Zurawski, G. (1989) Mouse interleukin-2 
structure-fiinction studies: substitutions in the first alpha-helix can spedfically 
inactivate p70 receptor binding and mutations in the fifth alpha helbc can spedfically 
inactivate pSS receptor binduig. EMBO J 8, 2583-90), lacking its tommation codon 
and engineered with Eco RV and Xba I at its 5= and 3= aids respectively using primer 
sequences IL-2 forward 5=-TGTATGATATCATG TACAGCACTGAGCTC (SEQ 
ID NO: 10) and IL2 reverse 5=-TGTATTCTAGA TTGAGGGCTTGTTGAGATG 
(SEQ ID NO: 1 1), into the pAd.CMV.HFc construct in frame with HFc. In ordw to 
rescue a recombinant adenovirus, 10 (ig of pAd.CMV.IL-2.HFc was cottxuisfected by 
caldum phosphate copredpitation {Wigler et al., 1977) into 293 cells along with 5 ng 
of the adoiovirus type 5 genome containing plasmid pJM17 (supplied generously by 
Dr. Frank L. Graham, McMaster University, Hamilton, Ontario, Canada). pJM17 
contains the fiill-length adenovirus type 5 genome and pBRX, a 4.3-kb insertion into 
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the El region at 3.7 map units. Thus the maximum packaging limit of the cDNA into 
the virus capsid was exceeded by approximately 2 kb {McGrory et al, 1988). 

Homologous recombination then takes place in the 293 cells between the two 
5 plasmids repladng the El region and pBRX in JMl 7 with the cDNA from 

pAd.CMV.IL-2:HFc. The resulting DNA was then packaged into the adenovirus 
capsid and was also rendered replication-defective as a consequence of its lacking of 
the El region required for efficient replication. El was supplied in trans by the 293 
cells. Single plaques of Ad5.hCMV.IL-2:HFc were amplified in 293 cells from which 
10 crude viral lysate (CVL) was used for cell line transduction and the generation of 
serum-free conditioned medium. 

TGF-pl-IgG: 

An immunoadhesin comprising transforming growth factor P-1 and the 

15 constant region of the murine IgGl heavy chain was produced as follows. The plasmid 
pAd/CMV. 1 containing the first 16 map units of the adenovirus genome with the 
region between map unit 1.3 and map unit 9.4 deleted and replaced by the 
cytomegalovirus major immediate early promote/enhancer re^on from pCDNA3 
(Invitrogen, San Diego» CA) into the adenovirus shuttle plasmid pAdeno-1 is 

20 constructed as described previously (Sullivan et al., 1996). The plasmid pAd/CMV. 1 
was then modified to contain the murine immunoglobulin ganmia 1 heavy chmn gene 
hinge, CH2, and CH3 domains (HFc). To engineer this construct, the HFc gene was 
amplified by the polymerase chain reaction (PCR) from the plasmid HFc-pUC18 using 
primer sequences HFc forward 5— TGTATTCTAGAAGCAGCACCAAGGTGGACA 

25 (SEQ ID N0:8) and HFc reverse 5=- 

TGTATATCGATCTGGGATCATTTACCAGGA (SEQ ID NO:9) engineered with 
Xba I and Cla I at its 5= and 3= ends respectively. The 718 base pair (bp) PCR 
product is subdoned into the Xba I and Cla I sites of pAd/CMV. 1 . The shuttle 
plasmid pAd.CMV.TGF-$l:HFc was generated by cloning the PCR product encoding 

30 transfonmng growth fector beta-1 (TGF-pi) (Roberts et al, 1988), lacking its 



wo 98/40498 PCT/US98/04634 

-54- 

termination codon and engineered with Eco RV and Xba I at its 5= and 3= ends 
respectively using primer sequences TGF-pl forward 5— 
TGTATGATATCATGCCGCCCTCCGGGCTG (SEQ ID NO: 10) and TGF-pl 
reverse 5=-TGTATTCTAGATCAGCTGCACTTGCAGGA (SEQ ID NO: 1 1), into 
5 the pAd.CMV.HFc construct in frame wth HFc. In order to rescue a recombinant 
adenovirus, 10 ^ig of pAd.CMV.TGF-pi:HFc was cotransfected by calcium phosphate 
coprecipitation {Wigler et al., 1977) into 293 cells along with 5 ^g of the adenovirus 
type 5 genome containing plasmid pJM17 (supplied generously by Dr. Frank L. 
Graham, McMaster University, Hamilton, Ontario, Canada). pJM17 contains the foil- 
10 length adenovirus type 5 genome and pBRX, a 43-kb insertion into the El region at 
3.7 map units. Thus the maximum packaging limit of the cDNA into the virus capsid 
was exceeded by approximately 2 kb (McGrory et al., 1988). 

Homologous recombination then takes place in the 293 cells between the two 
1 5 plasmids replacing the El region and pBRX in JM17 with the cDNA from 
pAd5.hCMV.TGF-$l :HFc. The resulting DNA was then packaged into the 
adenovims capsid and was also rendered replication-defective as a consequence of its 
lacking of the El region required for efiBcient replication. £1 was supplied in trans by 
the 293 cells. Single plaques of Ad5.hCMV.TGF-pi :HFc were amplified in 293 cells 
20 from which crude viral lysate (CVL) was used for cell line transduction and the 
g»eration of serum-free conditioned medhun. 

TGF-pi^^^'^^-IgG 

223 225 

An immunoadhesin comprising transforming growth factor beta- 1 ' and 
25 the constant region of the murine IgGl heavy chain was produced as follows. The 
plasmid pAd/CMV.l contaimng the first 16 map units of the adenovirus genome with 
the region between map unit 1.3 and map unit 9.4 deleted and replaced by the 
cytomegalovirus major immediate earfy promoter/enhancer region from pCDNA3 
(Invitrogen, San Diego, CA) into the adenovirus shuttle plasmid pAdeno-1 was 
30 constructed as described previously (Sullivan et al., 1996). The plasmid pAd/CMV. 1 
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was then modified to contain the murine immunoglobulin gamma 1 heavy chain gene 
hinge, CH2, and CHS domains (HFc). To engineer this construct, the HFc gene was 
amplified by the polymerase chain reaction (PCR) fi-om the plasmid HFc-pUC18 using 
primer sequences HFc forward 5=-TGTATTCTAGAAGCAGCACCAAGGTGGACA 
(SEQ ID N0:8) and HFc reverse 5=- 

TGTATATCGATCTGGGATCATTTACCAGGA (SEQ ID N0:9) engineered with 
Xba I and Cla I at its 5= and 3= ends respectively. The 718 base pair (bp) PCR 
product was subcloned mto the Xba I and Cla I sites of pAd/CMV. 1. The shuttle 
plasmid pAd.CMV.TGF-pl^2^»225.jjpp generated by cloning the PCR product 
encodmg transforming growth factor beta-l^^^'^*^^ (TGF-pl^'^^^) (Bnamer, AM. et 
al, 1989), lacking its termination codon and engineered with Eco RV and Xba I at its 
5= and 3= ends re^ectively uang primer sequences TGF-Pl^^»^^ forward 5=- 
TGTATGATATCATGCCGCCTTCGGGGCTGC (SEQ ID NO: 10) and TGF-pl223,225 
reverse 5=-TGTATTCTAGAGCTGCACTTGCAGGAACGCAC (SEQ ID N0:1 1). 
into the pAd.CMV.HFc construct in fi-ame with HFc. In order to rescue a 
recombinant adenovirus, 10 ng of pAd.CMV.TGF-pi-^-^^'^^^iHFc is cotransfected by 
calcium phosphate copredpitation (Wigler et ai, 1977) into 293 cells along with 5 jig 
of the adenovirus type 5 genome containing plasnud p]MI7 (supplied generously by 
Dr. Frank L. Graham, McMastar Univeraty, Hamilton, Ontario, Canada). pJM17 
contains the fiill-lragdi adenovirus type 5 genome and pBRX, a 4.3-kb insertion into 
the El region at 3.7 map imits. Thus the maximum packaging limit of the cDNA into 
the virus capsid was «cceeded by approximately 2 kb (McGrory et al., 1988). 

Homologous recombination then takes place in the 293 cells between the two 
plasmids replacing the El region and pBRX in JIM17 with the cDNA firom 
pAd5.hCMV.TGF-pi^3'225.jjpp resulting DNA was tiien packaged into tiie 
adenovirus capad and was also rend«%d replication-defective as a consequence of its 
lacking of the El re^on required for ^dent rq)lication. El was supplied in trans by 
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the 293 ceUs. Single plaques of Ad5.hCMV.TGF-pl223,225.jjp^ ^^^^ amplified in 293 
cells fi-om which crude viral lysate (CVL) was used for cell line transduction and the 
generation of serum-fi-ee conditioned medium 

5 Transduction of hRPE cells 

Transductions of primaiy hRPE and other cell lines with Ad5.hCMV.mIL- 
10:HFc were performed in six weU dishes (1x10^ cells/well) or v^en the cells were at 
confluence m 150 mm. dishes (Falcon, USA). All transductions were conducted at a 
multiplicity of infection (MOI) of 10. Cultures are incubated with CVL in medium 

10 containing 2% serum in a 5% CO2 humidified incubator at 37^C. At ninety minutes 
following transduction an equivalent amount of serum containing medium are added. 
At twenty four hours, the medium is replaced with firesh complete medium and 
changed every other day until 24 hours before the culture supernatant was harvested at 
which time serum fi^ee medium was applied to the culture. Harvested supematants are 

15 then centrifuged (2000 x g) for 20 minutes to pellet any cellular debris and filtered 
through a .45 FM filter. Conditioned medium was then used inmiediately or fi-ozen on 
dry ice and stored at -80^C until used. 

Immuno^hesin ispl^tion 

20 mIL- 1 0:HFc was purified from serum-free culture supernatant to greater than 

90% homogeneity by affinity chromatography on protein A sepharose CL^B 
(Pharmacia, Uppsala, Sweden). mIL-10:HFc is eluted with 0. IM sodium citrate, pH 
2.7, and neutralized immediately with 0.08 volume of IM Tris. HCl (pH 9.0). 
Antibody-sandwich enzyme linked immunosorbant assay (ELIS A) was used to screen 

25 cell culture supernatant. Polyvinyl chloride plates (Falcon) are coated for 60 minutes 
at 3TC with goat anti-mouse IgGl (0.4 mg/ml, Boehringer Mannheun Corporation) 
diluted 1 : 100 in PBS/0.02% thimerosal. Plates were blocked with a solution 
containing 5% milk, 0.01% Tween-20® and 0.05% methiolate for 60 minutes at 2TC. 
One hundred microliters of culture supernatant was incubated for 60 minutes at 37X. 

30 Plates are washed five times with PBS/Tween 20® 0.01% and dried. The plates were 
then incubated with alkaline phosphatase conjugated anti-mouse IgGl, 1 :2500 
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(TAGO, Inc., Burlingame, CA) at 37^C for 60 minutes. Plates were washed and dried 
and 100 Fl of substrate, 2 mg/ml p-nitrophenyl phosphate (Fluka, Switzerland) in O.IM 
sodium carbonate buffer, pH 9,8 is added. The plates were incubated for 15-45 
minutes and the OD read at 405 nm. Standard curves were generated using purified 
murine IgGl monoclonal antibody, B-Zl (Biosource International, Camarillo, CA). 

Assay for effects of IL>10-IgG 

The ability of mIL-10:HFc to induce a growth signal in the murine cell line, 
BaMR29al, transfected with the murine IL-10 receptor was assessed in vitro. RPMI- 
1640 supplemented with 10% fetal bovine serum and 50 FM 2-mercaptoethanol 
(R/10/2) was used for dilution of cells as well as test samples. Cells were washed at 
least three times in R/10/2 to remove IL-3. Five thousand cells were incubated in the 
presence of either recombinant murine BL-IO or mIL-10:HFc alone or in combination 
with one of the following: 2A5, an anti-murine IL-10 monoclonal antibody 
(Pharmingen, San Diego, CA); NIH 44-1, a monoclonal IgGl mouse anti-human 
CD44 (a generous gift of Dr. Steven Shaw, National Cancer Institute, Bethesda, MD), 
is used as an isotype control Cultures were pulsed 48 hours later with 1 FCi/well of 
[•^Hlthymidine for 16-18 hours. Cells were then harvested and [-^Hlthymidine uptake 
was measured by liquid scintillation spectroscopy. 

Transduction of other cell lines 

The ability of Ad5.hCMV.mIL-10:HFc to transduce other cell Imes was 
assessed. Specifically, 293 cells (a human embryonic kidney cell line), C9 cells (a 
transformed Chinese hamster ovary cell line), and ARPE-19 cells (a cell line derived 
from human retmal pigment epithelial cells) were transduced at an MOI of 10 after 
seeding 1x10^ cells/well in sbc well dishes twelve to sbrteen hours prior to transduction. 
Serum-fi-ee conditioned medium from transduced cultures was examined for the 
presence of mIL-10:HFc by ELISA on days 2, 3, 5, and 7. 
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Characterization of murine D^lO-IgG 

mIL-10:HFc created by an in frame fusion of the complementary DNA 
molecules encoding murine EL- 10 lacked its termination codon with the hinge and 
constant regions (CH2 and CH3 domains) of murine IgGl heavy chain. Rescue of the 
replication defective AdS.hCMV.mlL-lOiHFc was achieved by cotransfection of 
pAd.CMV.mIL*10.HFc with p]M17 (Fig. 1). Individual plaques were expanded in 
293 cells and CVL then used to transduce cell lines for production of the secreted 
molecule. Affinity chromatography on inmiobilized protdn A sepharose was used to 
bind the Fc domain of the immunoglobulin moiety and purify mIL-10:HFc from serum- 
free cell culture supematants. One hundred milliliters of conditioned medium was used 
per milliliter of immobilized protein A, Yields of purified protein recovered from the 
peak fractions collected were typically in the range of 1 .6-1 .7 mg^ter of conditioned 
medium obtained from hKPE three days following transduction. 

15 The subunit structure of mIL-10:HFc was examined by SDS-polyacrylamide 

gel electrophoresis. Under reducing conditions, an apparent molecular mass of -52 
kDa was observed. Under non reducing conditions, the observed species was twice 
that seen under reducing conditions, suggesting that mIL-10:HFc is a homodimer. 
Western blot analysis under non reducing conditions demonstrated reactivity of mlL- 

20 10:HFc with antibody to murine IgG. These results demonstrate mll^lOrHFc is a 
covalent homodimeric structure containing an antibody Fc bindmg domdn. 

To demonstrate that the immunoadhesin mIL-10:HFc is biologically active, 
BaMR29al, an IL-3 dependent cell line transfected with the murine IL-10 receptor, 

25 was incubated with either 0. 1 nM mIL- 10:HFc or 0. 1 nM recombinant murine IL- 1 0 in 
the presence or absence of a neutralizing monoclonal antibody to murine IL-10, 2A5 
or a monoclonal isotype control antibody, NIH 44-1. BaMR29al cells responded to 
both mIL-10 and mIL-10:HFc as assessed by [^HJthymidine incorporation (Figure 2). 
Inhibition by an anti-murine IL-10 antibody and the absence of inhibition with a murine 

30 IgGl isotype control antibody shows an IL-10 specific mitogenic response. 
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Transduction of established cell lines by Ad5.hCMV.mIL-10:HFc was 
examined by ELISA. Serum-free culture supematants conditioned for 24 hours 
d^ved from three cell lines at varying time points was analyzed. As shown in figure 
3, transduction of all cell lines tested resulted in the production of detectable mDL- 

5 10:HFc, though to different degrees. The transformed human embryonic Iddney cell 
line 293 resulted in mean values of 3380±75 and 1507±224 ng/ml at days 2 and 3 
respectively. Ad5.hCMV.mIL- 10 :HFc transduced C9 cells jdelded 743±263, 
3580±197, and 3279±350 ng/ml of mIL-10:HFc at days 3, 5, and 7. ARPE-19 cells 
transduced with Ad5.hCMV.mIL-10:HFc resulted in 4426±1425, 5367±818, and 

10 45001:330 ng/ml of mIL-10:HFc obtained at days 3, 5, and 7 respectively. No signal 
was detectable by ELIS A in any cell line tested using serum-free conditioned medium 
from either untransduced cells or cells transduced with an El-deleted adenovirus 
vector lacking a transgene. 

15 The method described here demonstrates the first use of a replication-defective 

adenoviral vector for the production of an interIeukin-10 immunoadhesin. It is a 
relatively simple and efficient means to produce recombinant inmiunoglobulins which 
can then be screened with regard to structure and bioacti^dty. Due to the effident 
nature of adenoviral transduction, virtually every cell in a tissue culture dish contains 

20 the transgene of interest. We have demonstrated >95% transduction of primary human 
RPE at an MOI of 10 pfij/cell in culture (Sullivan et al^ 1996). As a consequence of 
its high transduction efficienqr, the need for selection of transduced cells is obviated as 
the level of recombinant protein expression can be correlated directly with the 
multiplidty of infection. This is supported fiirther by the demonstration at three days 

25 of increased amoimts of mIL-10:HFc contained in serum-free conditioned medium 
obtained from ARPE-19 cells transduced with Ad5.hCMV.mIL-10:HFc (Lewero et 
aL, 1991). {Zheng et al " Admmistration of Noncytolytic IL-lO/Fc in Murine Models 
of Lipopolysaccharide-induced Septic Shock and Allogeneic Islet Transplantation" J. 
Immunol. 154:5590-6000) 



30 
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As transgene expression occurs in eukaryotic cells, appropriate 
posttranslational modification is more likely to take place than in insect or prokaryotic 
cells. The use of a replication defective adenoviral vector for interleukin-10 
immunoadhesin production is fiirther underscored by demonstration of a growth 
5 response which is blocked spedfically by an anti-mIL-10 monoclonal antibody in a 
mitogenic assay usmg the recombinant murine interieukin-10 receptor positive cell line 
BaMR29al . The structure of mIL-10:HFc also confers the homodimeric state of 
native mIL-10 in solution. In addition to being expressed as a homodimer, such a 
construct will also possess the property of an increased serum half-life. 

10 

Treatment of uveitis 

The immunoadhesins produced by the methods described herein provide 
necessary reageitts for treatment of various conditions, such as uveitis. Experimental 
autoimmune uveoretinitis (EAU) and endotoxin-induced uveitis (EIU) in rodents 

15 produced by immunization with retinal antigens and lipopolysaccharide respectively, 
serve as models for human uveitis. Study of the disease process requires the use of a 
living organism containing the organ system of interest, i.e. the visual sense organs. 
EAU and EIU models exist in a number of animals including rabbits, guinea pigs, rats, 
and mice. Many features of the disease spectrum are present in these modds and the 

20 murine model of uveitis is particularly usefiil for the study of the inununologjc 

mechanisms of the disease. First, numerous strains of genetically defined mice are 
available. Second, recombinant cytokines and antibodies to cell surface markers for 
use in the mouse are widely available. Finally, of those available models, the murine 
model possesses numerous clinical and pathological similarities to the human disease 

25 which make it an especially suitable organism for this protocol. The studies 

undertaken with this model are fundamental to an increased understanding of the 
pathogenesis of this disease and the development of a novel approach to the treatment 
of uvdtis in humans. The following exemplifies various considerations which one 
skilled in the art will recognize as experimental parameters which are typical and 

30 routine for use of the mouse as a model for human therapy. The methods are readily 
adapted for human adnunistration. {Mochizuki et al "Effects of Cyclosporine and 



wo 98/40498 



PCT/US98/04634 



-61 - 

Other Immunosuppressive Ddmgs on Experimental Autoimmune Uveoretinitis in 
Rats" Invest. Ophthalmol Vis. Sci . 26:226-32 (1988)), 

EIU induction bv endoto^dn : Adult mice can be injected in one hind footpad 
S with 200 \ig of Sahnonella typhimurium endotoxin in a volume of 0. 1 ml of sterile 
saline solution. Aseptic technique should be used throughout the procedure. The 
animals should be monitored daily for signs of pain and discomfort (e.g. rufiQed fiir, 
huddling), and given an analgesic when appropriate. 

10 EAU induction by active immuni2ation : Adult mice are immunized with retinal 
antigens (IRBP, S-antigen, or peptide fragments derived from dther) emulsified in 
complete Frwnd's adjuvant. A volume of 0. 1-0.2 ml of emulsified antigen can be 
administered in a subcutaneous £ishion (divided between up to three sites) utiliang a 
25 gauge needle. As an additional adjuvant, Bordetella pertussis toxin can be 

15 administered intraperitoneally (up to 1 ng/animal in 0.2 ml PBS or RPMI). Aseptic 
technique should be used throughout the procedure. 

EAU induction bv adoptive transfer of inmiune cells : Experiments may require the 
injection of immune competent cells (up to 20 million) from genetically compatible 

20 donors. This can be achieved by means of an aseptic injection of cells by either the 
intravenous or intraperitoneal route. Cells (0.2 to 1 million) may also be administered 
via an intraocular route with a Hamilton syringe and 33 gauge needle in a total volume 
of 10 ^1. This maneuver can be performed under general anesthesia vAth the aid of a 
binocular microscope. Intraocular injections are routinely undertaken in human 

25 patients with littie or no anesthesia for the procedure, and do not require analgesia 
after the procedure. 

Immunomodulation of EAU and EIU : Mice immimized with antigen or mjected with 
endotoxin can be treated for various periods of time with an immunomodulatory agent. 
30 Administration can be via injection either intravenously, intraperitoneally, or 
intraocularly. Intraocular administration can be by means of a Hamilton syringe 
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utilizing a 33 gauge needle. This procedure can be performed with the assistance of 
binocular microscope under general anesthesia under aseptic conditions. Intraocular 
injections are routinely undertaken in human patients with little or no anesthesia for the 
procedure, and do not require analgesia after the procedure. Intraocularly injected 
5 animals diould be mspected daily for the presence of discomfort (e.g. tearing, eye 
rubbing, guarding). 

The treatment modality involves the use of an immunoadhesin (lA) which are 
important in the treatment of human diseases and conditions. For exiample, the 

10 unmunoadhesin CD4-IgG has been used in a human clinical trial. (Hodges et al 

"Phase 1 Study of Recombinant Human CD4-Immunoglobulin G Therapy of Patients 
with AIDS and AIDS-related Complex" Antimicrob. Agents Chemother. 35:2580-6 
(1991)). In those studies using animals, no toxicity or adverse effects have been 
described and minimal immunogenicity has been reported. Various lA's which can be 

15 evaluated include: viral BL-IO, murine IL-10, murine ICAM-1, murine IL-2 (and a 
mutant form of IL-2 capable of binding the IL-2 receptor without activation of the 
receptor), murine BL-l receptor antagonist, transforming growth factor beta-1, and 
IL-4 (and a mutant form of IL-4 capable of binding the IL-4 receptor without its 
activation). Each of these agents may used alone or in combination. Additionally, a 

20 control comprised of a secreted form of the antibody constant region lacldng a binding 
region can be used. 

Treatment using Adenovirus 

Recombinant adenovirus particles carrying a nucleic acid encoding an 
25 immunoadhesin can be administered, such as intremuscularly or intrevenously. A 

typical dose can be that amount typical for related adeno\drus admimstrations, such as 
1 X 10^ - 1 X 10^^ plaque-forming units of adenovirus. For adnunistration of 
recombinant immunoadhe^ the dose may range from .001 - 10 mg/kg.. 

30 Monitoring of EAU and EIU : Evaluation of disease progression should be performed 
once or twice weekly by observation of the anterior and posterior segments in EIU and 
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the posterior segment in EAU. The posterior segment should be examined following 
pupillary dilation with a mydriatic and/or dilating agent (e.g. tropicamide 1% and 
phenylephrine 2.5%). Inspection of either the anterior or posterior segmrats can be 
undertaken with an operating microscope. In addition, fluorescem angiography may be 

S performed to evaluate the presence of vascular leakage. In this instance, the animal 
can be anesthetized and its pupils dilated as in evaluation of the posterior segment. In 
this example, the animal will receive an intravenous injection of a clinical fluorescan 
solution (0. 1 ml of a 1 : 10 dilution in PBS) immediately followed by photography of the 
fundus vasculature with camera equipped with appropriate filters for an^ography. 

10 This procedure is performed safely and routinely in humans (who do not require 

general anesthesia). In the EAU, assessment of cellular immunity to the administered 
antigen may be by delayed hypersensitivity. 20 \ig of antigen in 20 ^1 can be injected 
subcutaneously into the pinna of one ear while the other ear receives salme) under 
anesthesia. Ear swelling can measured with a micrometer 24 to 48 hours later. 

15 

Collection of blood and tissue in EAU : Two weeks to 3 months after immunization the 
animals may be sacrificed by CO2 inhalation and the eyes and or lymphoid organs will 
be removed. When serum is required for analysis, animals under deep CO2 anesthesia 
can be bled by cardiac puncture immediately preceding the euthanasia. For some 

20 experiments, it may be necessary to confirm that an immune response has occurred 
prior to sacrifice of the animal. Therefore, blood samples can be drawn fi-om the 
orbital plexus at weekly intervals. The plexus may be entered with a short-beveled 
25-gauge needle and two drops of blood will be collected under general anesthesia. 
This procedure is relatively straightforward and can be performed with minimal trauma 

25 to the aiumal. 

Collection of blood and tissue in EIU : 0-72 hours following injection of endotoxin the 
anunals may be saoificed by CO2 inhalation and the eyes can be removed. When 
serum is required for analysis, animals under deep CO2 anesthesia may be bled by 
30 cardiac puncture immediately preceding the euthanasia. 
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It is well known in the art that the rodent model is applicable to humans. It is 
also well known in the art that the use of the murine model to evaluate 
immunoadhesins and cellular responses to immunoadhesins is also applicable to 
humans. The methods provided herein are also applicable to humans. The present 
S invention therefore also provides for non-murine counterparts or homologs for the 
immunoadhesins and other compounds provided herdn, as well as the use of the 
methods provided herein with non-murine immunoadhesins, particularly 
immunoadhesins m the context of an adenoviral genome. 

10 It will be apparent to one skilled in the art that non-murine homologs of the 

murine immunoadhesins provided herein can be constructed. For example, using 
available sequence databases such as GenBank, one can construct human homologs to 
the murine immimoadhesins pro\ided herein u^g the sequence information from the 
database in combination with the present disclosure. Other methods of constructing 

15 non-murine, particularly human, homologs of the immunoadhesin provided herein will 
be apparent to one skilled in the art as discussed above. 
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SEQUENCE LISTING 



(1) GENER;^ INFORMATION: 



(i) ;U?PLICANT: THE GOVERNMENT OF THE UNITED STATES OF AMERICA, 
AS REPRESENTED BY THE SECRETARY, DEPARTMENT OF 
HEALTH AND HUMAN SERVICES 

(ii) TITLE OF INVENTION: IMMUNOADHESINS AND METHODS OF 

PRODUCTION AND USE THEREOF 



(ill) NUMBER OF SEQUENCES: 11 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: NEEDLE & ROSENBERG, P.C. 

(B) STREET: 127 PEACHTREE STREET, NE 

(C) CITY: ATLANTA 

(D) STATE: GEORGIA 

(E) COUNTRY: USA 

(F) ZIP: 30303-1811 



(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM. PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Pa tent In Release #1,0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT - TO BE ASSIGNED 

(B) FILING DATE: lO-MAR-1998 

(C) CLASSIFICATION: 

(Vii) PRIOR APPLICATION DATA 

(A) APPLICATION NUMBER: U.S. SERIAL NO. 08/814,567 

(B) FILING DATE: lO-MAR-1997 

(C) CLASSIFICATION: 



(Viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: SELBY, ELIZABETH 

(B) REGISTRATION NUMBER: 38,298 

(C) REFERENCE/DOCKET NUMBER: 14014. 0214/P 



(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (404) 688-0770 

(B) TELEFAX: (404) 688-9880 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHTKRACTERISTICS : 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
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GATATCATGC CTGGC 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 
ATGAAAAGCT CTAGA 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 
TCTAGAAGCA GCACC 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
GGTAAATGAT CCCAGATCGA T 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 



wo 98/40498 



PCT/US98/04634 



-71- 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
Ala lie Met Pro Cys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Lys Ser Ser Arg 
1 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 cunino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Ser Arg Ser Ser Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TGTATTCTAG AAGCAGCACC AAGGTGGACA 



30 
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(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
T6TATATCGA TCTGGGATCA TTTACCAGGA 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 
TGTATGATAT CATGCCTGGC TCAGCACTG 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oligonucleotide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
TGTATTCTAG AGCTTTTCAT TTTGATCATC AT 
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1. A compound comprising a recombinant nucleic acid encoding an 
immunoadhesin inserted within an adenoviral nucleic add, wherein the 
recombinant nucleic acid can be packaged in an adenovirus particle and 
wherein expression of the recombinant nucldc add encoding the 
immunoadhesin results in production of the inmiunoadhesin protein. 

2. The compound of claim 1, wherein the recombinant nucleic add is replication 
deficient. 

3. An adenovirus comprising the compound of claim 1 . 

4. The compound of claim 1, wherdn the immunoadhesin comprises IL-lO-IgG. 

5. The compound of claim 1, wherein the immunoadhesin comprises vIL-lO-IgG. 

6. The compound of claim 1, wherein the immunoadhesin comprises IL-13-IgG. 

7. The compound of claim 1, wherein the immimoadhesin comprises IL-2ra-IgG. 

8. The compound of claim 1, wherein the immunoadhesin comprises IL-lra-IgG. 

9. The compound of claim 1, wherein the immunoadhesin comprises mutant IL-4- 
IgG. 

10. The compound of claim 1, wherein the immunoadhesin comprises ICAM-IgG. 

1 1 . The compound of claim 1 , whc^-ein the immunoadhesin comprises IL-2-IgG. 



12. 



The compound of claim 1, wherein the immunoadhesin comprises TGF-pl-IgG 



wo 98/40498 PCTAJS98/D4634 

.74. 

13. The compound of claim 1 , wherein the immunoadhesin comprises TGF- 

pj223.225.igQ 

14. The adenovirus of claim 3, wfaerdn the immunoadhe^ comprises IL- 10-IgG. 

15. The adenovirus of claim 3, wherdn the immunoadhesin comprises vIL-lO-IgG. 

16. The adenovirus of claim 3, wherein the immimoadhesin comprises IL-13-IgG. 

17. The adenovirus of claim 3, wherein the immunoadhe^ comprises IL-2ra-IgG. 

18. The adenovirus of claim 3, vAierein the immunoadhesin comprises IL- Ira-IgG. 

19. The adenovirus of claim 3, wherdn the immimoadhesin comprises mutant IL-4- 
IgG. 

20. The adenovirus of claim 3, wherein the immunoadhesin comprises ICAM-IgG. 

21. The adenovirus of claim 3, wherein the unmunoadhesin comprises IL-2-IgG. 

22. The adenovirus of claim 3, wherem the immunoadhesin comprises TGF-P 1 - 
IgG. 

23. The adenovirus of claim 3, wherein the immunoadhesin comprises TGF- 

24. A method of delivering an immunoadhesin to a cell comprising administering to 
the cell the adenovirus of claim 3, whereby expression of the recombinant 
nucleic add produces the immunoadhesin, thereby delivering the 
immunoadhesin to the cell. 



wo 98/40498 



-75- 



PCTAJS98/04d34 



25. The method of claim 24, wherein the cell is administered the immunoadhesin ex 
vivo. 

26. The method of claim 24, wherein the cell is administered the immunoadhesin in 
vivo. 

27. The method of claim 24, wherein the cell is administered the immunoadhesin in 
culture. 

28. The method of claim 24, wherein the cell comprises a human retinal pigment 
epithelial cell. 

29. The method of claim 24, wherdn the cell comprises a muscle cell. 

30. The muscle cell of claim 29, wherein the cell comprises a skeletal myocyte 
muscle cell. 

31. A method of delivering an immunoadhesin to a subject comprising 
administering to the subject the adenovirus of claim 3, whereby a cell of the 
subject e)q>resses the recombinant nucleic acid encoduig the immunoadhesm, 
thea^eby delivering the immunoadhesin to the subject. 

32. A method of producing an immunoadhesin comprising administering to a cell 
the adenovirus of claim 3, whereby the cell expresses the recombinant nucleic 
acid encoding the immunoadhesin, thereby producing the immunoadhesin. 

33 . A method of treating an inflammatory condition in a subject comprising 
administering to the subject the adenovirus of claim 3, whereby a cell in the 
subject expresses the recombinant nucleic acid encoding the immunoadhesin 
and produces the immunoadhesin, thereby treating the inflammatory condition. 



wo 98/40498 



-76- 



PCT/US98/04634 



34. The method of claim 33, wherein the immunoadhesin comprises IL-lO-IgG. 

35. The method of claim 34, whereby the inflammatory condition comprises 
uveitis. 

36. A method of treating an inflammatory condition in a subject comprising 
administ^g to the subject the compound of claim 1, whereby the subject 
expresses the recombinant nucleic acid encoding the immunoadhesin and 
produces the immunoadhesin, thereby treating the inflammatoiy condition. 

37. A method of treating an inflammatory condition in a subject comprising 
administmng to the subject the compound of claun 2, whereby the subject 
expresses the recombinant nucleic acid encoding the immunoadhe^ and 
produces the inununoadhedn, thereby treating the inflammatory condition. 

38. A method of treating an inflammatory condition in a subject comprising 
administering to the subject an inmiunoadhesin selected firom the group 
consisting of vIL-lO-IgG, IL-13-IgG, IL-2ra-IgG, IL-lra-IgG, mutant IL-4. 
IgG, IL-2.IgG, TGF-pl-IgG, and TGF-pl^^^^-IgG. 

39. A method of treating an inflammatory condition in a subject comprising 
admimstering to the subject a nucleic acid encodmg an inmiunoadhesin selected 
fi-om the group consisting of vIL-lO-IgG, IL-13-IgG, IL-2ra-IgG, IL-lra-IgG, 
mutant IL^IgG, IL-2-IgG, TGF-pl-IgG, and TGF-pl^^-IgG. 

40. A method of screening an immimoadhesin for bioactivity, comprising 

a. admmistering to a first cell an adenovirus containmg a recombinant 
nucleic add encoding the immunoadhesin, wherein the first cell 



wo 98/40498 



PCT/US98/04634 



-77- 

expresses the recombinant nucleic acid encoding the immunoadhesin 
and thereby produces the immunoadhesin; 

b. contacting a second cell with the immunoadhesin; and 

c. monitoring the second cell for a biological response to the 
immimoadhesin, thereby screemng the immunoadhesin for bioactivity. 

41 . The method of claim 40, wherein the immunoadhesin is harvested from the first 
cell before the second cell is contacted with the immunoadhesin. 

42. The method of claim 40, wherein the first cell producing the immunoadhesm is 
administered to the second cell. 

43. The method of claim 40, wherein the first cell and the second cell are of the 
same cell type. 

44. The method of claim 40, wherein the first cell and the second cell are of a 
different cell type. 

45. A method of screening an immunoadhesin for bioactivity comprising; 

a. administering to a cell an adenovirus containing a recombinant nucldc 
acid encodmg the immunoadhesin, wherein the cell expresses the 
recombinant nucleic acid encoding the immunoadhesin and thereby 
produces the immunoadhesin; and 

b. monitoring the cell for a biological response to the immunoadhesin, 
thereby screening the immunoadhesin for bioactivity. 
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(54) Tifle: IMMUNOADHESINS AND METHODS OF PRODUCTION AND USE THEREOF 
(57) Abstract 



The invention is directed toward a compound comprising a recombinant nucleic acid encoding an immunoadhesin inserted widiin an 
adenoviral nucleic acid, wherein the recombinant nucleic acid can be packaged in an adenovirus particle and wherein expression of the 
recombinant nucleic acid encoding the immunoadhesin results in production of the immunoadhesin protein. The recombinant nucleic acid 
encoding the immunoadhesin can be within an adenovirus. The invention further provides methods for 1) delivering an inmiunoadhesin to 
a cell or a subject comprising administering to the cell or the subject an adenovirus comprising a recombinant nucleic acid encoding an 
inmiunoadhesin; 2) producing an immunoadhesin comprising administering to a cell an adenovirus comprising a recombinant nucleic acid 
encoding an immunoadhesin inserted widiin an adenoviral nucleic acid, whereby the cell expresses the recombinant nucleic acid encoding 
the immunoadhesin, thereby producing the immunoadhesin; 3) treating an inflanmiatoiy condition in a subject comprising administering to 
the subject an adenovhus comprising a recombinant nucleic acid encoding an immunoadhesin inserted within an adenoviral nucleic acid or 
a recombinant nucleic acid encoding an immunoadhesin inserted widiin an adenoviral nucleic acid, whmby a cell in the subject expresses 
the recombinant nucleic acid encoding die immunoadhesin and produces die immunoadhesin, thereby treating the inflammatory condition 
or administering to the subject a recombinant nucleic acid ^coding an inmiunoadhesin, or an immunoadhesin, wherein the immunoadhesin 
is selected from the group consisting of vII^lO-IgG. II^13-IgG, LFA-IgO, IL-2rB-IgG. IL-liar-IgG. mutant IL-4-IgG. VLA4-IgG, 
IL-2p-IgG. TGF-)91-IgG, TGF-i?l223^-IgG. and VCAl^IgG; and methods of screening an immunoadhesin for bioactivity. 
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